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PREFACE 


This  report  was  prepared  by  the  Engineering  staff  of  the  Government  Electronics  Division  of 
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Force  Contract  No.  F33615-77-C-1142.  The  work  was  performed  at  Motorola,  Inc.  GED,  Scottsdale, 
Arizona. 
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Force  by  Dr.  R.  A.  Belt,  Air  Force  Avionics  Laboratory. 
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SECTION  I 
INTRODUCTION 


This  final  report  describes  Motorola  Inc.  tlovernment  KU*ctroniC8  Division's  efforts  on  a nine 
month  developmental  proKram  of  video  memory  systems  These  investigations  involved  a video  frame 
store  memory  for  providinK  increasiKl  anti  jam  lA/Jl  protection  by  lowerinK  sensor  frame  rates,  and  a 
second  Keneration  forward  Uxiking  infrared  sensor  (FI.IRI  system  to  improve  sensitivity  by  intenrat 
injt  successive  frames  of  video.  The  critical  desist}  rinjuirement  of  both  systems  was  to  minimize 
memory  cost.  size,  weight  and  power  dissipation  to  achieve  a practical  system  for  remotely  piloted 
vehicle  (KPV)  or  battlefield  use 

This  two-part  developmental  effort  consisted  of  a circuit  design  and  module  definition  phase 
followed  hy  the  brasshoard  fabrication  of  two  prototype  vjdeo  memories  for  RP\'  bandwidth  reduction 
systems  The  program  utilized  ti4k  digital  charge  coupled  device  ((VDI  memories  for  the  primary 
frame  store  function  along  with  large  scale  integrated  <LSD  logic  devices  for  minimizing  control  and 
input  output  tI/0>  functions  The  modular  packaging  approach  was  applied  to  the  two  brassUiard 
units  .so  that  each  unique  module  might  later  be  reduced  to  a high  density  hybrid  submodule 

A brasshoard  Frame  Rate  Buffer  unit  (FRB*  was  fabricated  to  1)  digitize  the  serial  analog 
video  output  from  a standard  5‘25  line  National  Television  Systems  Committee  (NTSC'  compatible  T\' 
sensor  into  512  samples/line  at  6 bits  per  sample.  2'  reformat  the  data  into  8x8  pixel  blocks  for  .si'rial 
outputting,  and  .3'  lower  the  video  frame  rate  from  the  standard  30  frames/second  to  either  7'*.;,  3 *4  or 
I"'-  frames  second.  A brasshoard  Display  Refresh  Memory  unit  (DRM)  was  fabricated  to  [X'rform  the 
inverse  function  of  the  FRB.  That  is.  it  continuously  updater  a display  monitor  while  simultantHiusly 
accepting  frame  rate  reduced  video  data  from  the  FRB.  Figure  1 shows  the  two  brasshoard  units  with 
a summary  of  p»>rtinent  characteristics. 

A Frame  Frt'eze'Time  InU'gration  unit  was  al.so  designed  to  1 ' snatch  a frame  of  vidtHi.  digit- 
ize it.  store  it.  and  then  read  jt  out  continuously  through  a digital  to  analog  (D/A'  converter  to  a stan 
dard  fi25  line  NTSC  compatible  RS170  format  display,  and  2'  add  together  successive  frames  on  a 
pixel  for  pixel  basis  while  the  sum  is  continuously  displayed  on  a TV  monitor. 

These  unit  designs  are  partitioned  into  discrete  functional  modules  This  modular  packaging 
approach  allows  any  unit  to  he  fabricated  around  these  basic  functional  bliKks.  Figure  2 shows  the 
common  modules  defined  for  this  program  with  a breakdown  of  module  utilization  for  each  unit 
These  functional  building  blocks  can  subsequently  be  reduccKl  to  a high  density  form  of  hybrids  or  full 
water  LSI.  Figure  3 illustrates  a conceptual  configuration  of  the  Frame  Rate  Buffer  and  Display 
Refresh  Memory  if  implemented  with  the  high  density  functional  modules. 
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SECTION  II 
PROGRAM  RESULTS 

1.  FRAME  RATE  BUFFER 
a.  Technical  Operation 

The  Frame  Rate  Buffer  is  capable  of  storinK  a complete  frame  of  video  from  a standard  525 
line  NTSt'  compatible  sensor.  This  stored  video  frame  will  be  output  at  a lower  rate  from  the  standard 
30  frames/second  to  either  I'h,  3V«,  or  UA  frames/second.  These  three  frame  rates  correspond  to  the 
output  of  one  complete  frame  of  video  every  4,  8,  or  16  real  time  T''  frames.  This  output  frame,  or 
active  frame,  is  defined  for  each  frame  rate  in  Figure  4.  Every  active  frame  will  consist  of  512  pixels 
per  horizontal  line  by  512  horizontal  lines  (256  lines  from  each  field >.  The  horizontal  lines  stored  in 
each  active  frame  are  defined  in  Figure  5.  The  individual  line  numbers  are  Motorola  designations  but 
the  relative  timing  of  vertical  drive,  vertical  blanking,  and  field  index  pulse  are  all  NTSC  standard.  A 
timing  diagram  showing  the.se  signals  and  the  location  of  the  stored  horizontal  lines  is  given  in 
Figure  6. 

Every  horizontal  line  consists  of  512  active  pixel  elements  which  are  stored  in  the  CCD 
memory.  These  512  pixels  are  taken  from  a horizontal  line  consisting  of  640  total  pixel  time  elements. 
The  horizontal  blanking,  however,  occupies  112  pixel  time  elements  so  that  the  512  stored  pixels  rep- 
resents ~97  percent  of  the  remaining  528  active  video  pixel  elements.  Figure  7 defines  the  stored  pix 
els  from  a given  horizontal  line. 

A simplified  block  diagram  of  the  k'rame  Rate  Buffer  is  shown  in  Figure  8.  The  camera 
input  goes  through  a video  amplifier  to  set  the  proper  gain  and  offset  for  the  sample/hold  (S/H)  and 
A/I)  converter.  The  video  is  digitized  into  6 bits  per  pixel  of  resolution  and  then  changed  from  a 
lO-Mbps  .serial  to  a 2.5  Mbps  four-bit  parallel  bus  structure  for  storage  in  the  CCDs.  A master  oscilla 
tor  is  included  in  the  FRB  to  generate  all  internal  timing  signals  and  to  generate  propt>r  synchroniz- 
ing signals  for  the  TV  camera.  Since  the  video  from  the  camera  is  field  oriented,  the  CCD  memories 
will  store  the  odd  field  data  in  the  lower  half  of  memory  and  the  even  field  data  in  the  upper  half  of 
memory.  Two  redundant  buffer  RAMs  located  at  the  CCD  outputs  are  used  to  reformat  the  field 
oriented  horizontal  line  data  into  8 pixel  x 8 pixel  frame  oriented  data  hloc'ks.  Th»>  buffer  RAM  output 
is  converted  back  into  a serial  hit  stream  for  outputting  to  the  Display  Refresh  Memory. 

The  sequence  by  which  a stored  video  frame  is  output  is  determined  by  pixel  availability 
from  the  CCD  memories.  The  output  format  of  the  FRB  requires  Ixith  odd  and  even  field  data,  so  a 
stored  video  frame  cannot  be  output  until  the  even  field  of  that  frame  bt'gins.  Due  to  the  serial  nature 
of  the  CCD’s,  only  certain  portions  of  the  stored  frame  are  accessed  during  each  rotation.  The  frame 
will,  therefore,  bt'  output  in  vertical  picture  stripes  with  each  stripe  width  being  determined  by  the 
frame  rate.  Figure  9 shows  the  output  .sequence  of  a stored  video  frame  for  each  required  frame  rate. 
A picture  strip«*  will  consequently  take  a complete  real  time  TV  field  to  be  output  from  the  Frame 
Rate  Buffer 

A detailed  block  diagram  of  the  Frame  Rate  Buffer  is  shown  in  Figure  10.  The  input  video 
from  the  TV  camera  is  digitized  hy  a high  speed  A/D  converter.  The  10-Msps  A/D  converter  presently 
in  the  FRB  is  a combined  monolithic/discrete  module  capable  of  outputting  6 bit  parallel  'fTl-  data. 
All  cl(K-k  and  interface  circuitry  around  this  S/U  and  A/D  module  are  designed  so  that  the  Motorola 
proprietary  6 bit  monolithic  S/H  and  A/D  may  he  added  later.  The  digitized  pixel  output  rate  of  the 
A I)  is  10  Mbps.  Tbe  rn;-.ximum  read/write  data  rate  of  the  Tl  CCD's  (part  no.  TMS  3()64JL)  is  specified 
in  the  data  sheet  of  Appendix  A at  5 Mbps  maximum  The  input  serial  pixel  rate  of  the  A/D  is,  there 
fore,  rate  reduced  through  a serial  to  parallel  conv«‘rter  to  a four  bit  parallel  bus  at  a 2.5  Mbps  pixel 
rate.  This  four-bit  wide  bus  is  th*‘  input  to  four  C^^'Ds  at  each  bit  f>er  pixel  for  a total  of  24  CCDs  re- 
quired to  store  a frame  of  video  with  this  method  t'f  o|)eration. 
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Figure  4.  Active  Frame  Definition  for  all  Frame  Kutea 
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Figure  7.  Pixel  Number  Definition  for  a Horizontal  TV  Line;  TV  Line  Timing 


Figure  8.  Frame  Rate  Buffer  Simplified  Block  Diagram 


Figure  9b.  Outp'ut  Sequence  of  Picture 
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Figure  10.  Frame  Rate  Buffer  Detailed 
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Each  horizontal  TV  line  has  512  pixel  sampels,  so  a given  CCD  will  have  every  fourth  pixel 
stored  in  it  (due  to  the  four-bit  wide  pixel  bus)  for  a total  of  128  pixels  per  line  in  a particular  CCD. 

Also,  since  the  data  from  the  camera  enters  as  an  odd  field  followed  by  the  even  field,  the  CCD  is  seg- 
mented into  odd  and  even  field  storage  locations.  The  architecture  for  the  CCD  is  shown  in  Figure  11. 

This  figure  represents  only  one  of  four  identical  CCDs  required  for  each  bit  per  pixel.  „ 

Once  a complete  frame  of  video  has  been  stored  in  the  frame  store  memory,  it  will  be  output 
in  vertical  picture  stripes  according  to  frame  rate  (see  Figure  9).  Since  the  FRB  output  must  be  frame 
oriented  (interlaced  odd  and  even  field  lines)  8x8  pixel  blocks,  the  stored  frame  is  not  output  until  the 
even  field  of  that  frame.  This  means  that  the  odd  field  of  an  active  frame  must  be  utilized  to  output 
the  last  vertical  stripe  of  the  previous  stored  frame.  From  a timing  standpoint  the  odd  field  segment 
must  be  used  to  write  data  into  the  CCDs  from  the  new  active  frame  as  well  as  output  data  from  the 
odd  and  even  fields  of  the  old  stored  frame.  These  three  operations  (write  new  odd  field  data,  read  old 
odd  field  data,  and  read  old  even  field  data)  occur  at  a 2.5  Mbps  rate  each,  so  this  simultaneous 
manipulation  would  violate  the  5 Mbps  data  throughput  rate  of  the  CCDs.  To  eliminate  this,  a data 
offset  of  16  shifts,  corresponding  to  one  vertical  picture  stripe,  was  put  in  so  that  even  field  data  from 
a stripe  could  be  output  from  the  CCDs  to  the  buffer  random  access  memory  (RAM)  prior  to  output- 
ting odd  field  data  to  the  buffer  RAM.  This  would  reduce  the  number  of  simultaneous  manipulations 
to  two  for  a 5 Mbps  data  rate.  This  shift  is  also  shown  in  Figure  11.  On  a line  by  line  basis,  Figure  12 
shows  the  CCD  read  and  write  operations  required  for  storing  and  outputting  one  frame  of  video  at 
the  7'/4  frames  per  second  (FPS)  rate. 

The  data  read  out  of  the  CCDs  is  stored  into  redundant  reformatting,  or  buffer  RAMs.  The 
two  RAMs  allow  one  of  the  RAMs  to  be  written  with  CCD  data  while  the  other  RAM  is  being  read  out 
to  the  Display  Refresh  Memory.  After  the  CCD  RAM  is  filled,  the  two  RAMs  switch  functions.  Accord- 
ing to  the  liming  sequence  for  data  output,  it  takes  only  four  real  time  TV  horizontal  line  times  to 
write  a vertical  picture  stripe  segment  of  8 lines  long  into  the  buffer  RAM  since  both  odd  and  even 
field  lines  are  available  from  the  CCDs.  This  means  that  the  DRM  has  four  complete  horizontal  line 
times,  or  approximately  254  microseconds,  to  output  8 lines  and  64  pixels  per  line  of  the  given  picture 
stripe  segment.  Figure  13  relates  buffer  RAM  operation  to  the  actual  horizontal  line  timing  for  the 
first  vertical  stripe  of  a stored  frame. 

The  reformatting  function  of  the  buffer  RAM  allows  the  data  to  be  output  in  an  8 pixel  x 8 
pixel  block  format.  The  vertical  stripe  segment  will  be  written  into  the  RA^^  as  8 lines  by  64  pixels,  or 
eight  8x8  pixel  blocks,  in  each  buffer  RAM.  The  buffer  RAM  architecture  for  the  first  eight  blocks  of 
the  leftmost  vertical  picture  stripe  is  shown  in  Figure  14.  The  data  may  then  be  read  from  the  buffer 
and  clocked  through  the  output  parallel-to-serial  converter  by  supplying  a seven-bit  binary  address  to 
the  RAM  and  a clock  to  the  P/S  converter.  Adjacent  eight-line  pixel  blocks  are  output  from  each  verti- 
cal picture  stripe  in  a top  down  manner.  Figure  15  shows  the  actual  8x8  pixel  block  designations  of  an 
entire  video  frame. 

The  widest  picture  stripe  to  be  output  from  the  FRB  is  64  pixels,  as  shown  for  the  I'h  FPS 
rate  in  Figure  9(a).  The  buffer  RAM  is,  therefore,  capable  of  holding  64  pixels  by  8 lines  of  data.  At  the 
314  FPS  rate,  the  picture  stripe  width  is  only  32  pixels,  or  four  blocks,  by  8 lines.  In  order  to  keep  the 
controlling  circuitry  of  the  FRB  to  a minimum,  the  buffer  RAM  will  always  be  loaded  with  a 64-pixel- 
wide stripe  regardless  of  selected  frame  rate.  It  is,  therefore,  the  job  of  the  Display  Refresh  Memory  to 
keep  up  with  which  data  must  be  read  from  the  buffer  RAM.  Table  1 defines  what  portion  of  the 
buffer  RAM  data  must  be  read  during  each  real  time  TV  frame  to  load  into  the  DRM  at  each  of  the 
three  required  frame  rates.  This  table  actually  defines  the  addressing  scheme  from  the  DRM  to 
retrieve  the  reduced  frame  rate  data.  The  address  from  the  DRM  is  actually  the  buffer  RAM  address 

of  the  FRB.  There  is  an  inherent  delay  in  the  RAM  before  data  can  be  latched  and  clocked  out  of  the  f 

parallel-to-serial  converter  at  the  output  of  the  FRB.  Figure  16  shows  a timing  diagram  of  the  re- 
quired signals,  as  well  as  how  these  signals  are  generated,  and  appropriate  delay  times  for  data  output 
from  the  FRB.  All  signal  lines  are  single  ended  TTL  logical  levels 
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There  are  two  sync  signals  generated  by  the  FRB.  “FRAME  SYNC”  is  a positive-going  500 
nanosecond  pulse  output  at  the  start  of  the  transmission  of  a new  active  frame.  From  Figure  6,  this 
pulse  is  sent  prior  to  the  First  stored  line  of  the  even  field  of  the  real  time  TV  frame  because  the  first  8 
blocks  of  the  new  stored  frame  are  not  available  for  output  until  this  time  (see  Figure  9).  A “BEGIN 
NEW  PIXEL  SET”  pulse  is  used  to  signal  the  Display  Refresh  Memory  that  an  output  buffer  RAM  is 
loaded  with  8 pixel  blocks  (8  lines  x 64  pixels)  and  ready  for  output.  This  100  nanosr  <nd  negative- 
going pulse  is  output  every  4 horizontal  line  times  or  —254  microseconds.  The  DRM  has  this  length  of 
time  to  read  the  8 pixel  blocks  from  one  buffer  RAM.  Both  signals  are  TTL  compatible. 


DRUM  HAS  4096  CIRCULAR  SHIFT  LOCATIONS 
(32  LINES  512/4  PIXELS  PER  LINE) 


Figure  11.  Line  Organization  in  CCD  Frame  Rate  Buffer  Memory  (Drum  Concept) 
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Figure  12.  Read/W'-ite  Sequencing  for  CCD 
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Figure  13.  Buffer  RAM  Read  and  Write  Cycle 


Figure  15.  8 x 8 Block  Number  Definition 


TABLE  1.  PIXEL  SEQUENCE  FROM  FRB  OUTPUT  RAM 


Frame 

Rate 

Number  of  BEGIN 
Pulses 

Pixels/ 

BEGIN 

Pulse 

Pixel  Sequence 

From  RAM 

VA  FPS 

512 

512 

0-511  for  all  4 frames 

3^  FPS 

1024 

256 

0-255  for  first  4 frames 

256-511  for  second  4 frames 

Ui  FPS 

2048 

128 

0-127  for  first  4 frames 

128-255  for  second  4 frames 

1 

256-383  for  third  4 frames 

1 

384-511  for  fourth  4 frames 

SERIAL  OUTPUT  CLOCK 


SEQUENCE 

COUNTER 


mnjijijnji_n_rij 


M 

1 

1"! 

' 

I 

1 

LOAD  OUTPUT  REGISTER  (Qa'QbI  I 


-AOX  STABLE  350  ^SEC- 


OUTPUT  DISABLE 


I 

350  wSEC  DELAY 


J PI  I P2  I P3  I P4  I 


•INCREMENT  RAM  ADDRESS 

4793  13 


Figure  16.  Output  Timing  Sequence  of  Frame  Rate  Buffer 
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The  output  format  of  the  Frame  Rate  Buffer  is  an  8x8  block  oriented,  six-bit  pixel  serial 
data  line.  Figure  17  shows  the  current  output  scheme  along  with  other  block  size  outputs  available  as 
well  as  the  possible  line-by-line  output  modes.  All  line-by-line  modes  inside  the  dark  line  are  available 
by  simply  changing  the  address  scheme  of  the  Display  Refresh  Memory.  The  larger  block  sizes  and 
areas  outside  the  dark  line  require  significant  hardware  changes  to  be  implemented  in  the  FRB. 

The  Frame  Rate  Buffer  unit  was  designed  to  operate  over  the  temperature  range  of 
-29  degrees  C to  +49  degrees  C.  All  parts  except  the  CCDs  and  clock  drivers  are  specified  over  the 
entire  military  temperature  environment  of  -55  degrees  C to  +125  degrees  C.  The  memories  and 
clock  drivers  are  specified  at  0 degrees  C to  +70  degrees  C. 

The  Frame  Rate  Buffer  is  powered  by  four  modular  power  supplies.  Table  2 lists  each  sup- 
ply with  its  associated  current  output.  These  supplies  are  all  short  circuit  and  overvoltage  protected. 
The  input  requirements  are  1 15  Vac±  10  percent,  50-400  Hz.  Table  3 shows  the  technology  and  func- 
tional submodule  power  dissipation  of  the  FRB. 

Figure  18a  shows  a photograph  of  video  data  viewed  directly  from  a TV  camera  to  a moni- 
tor. Figure  18b  shows  a photograph  of  video  through  the  AFAL  brassboard  video  memory  system  and 
displayed  on  a monitor. 


OUTPUT 
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FRAME  RATE  (FPS) 

7 1/2 

3 3/4 

1 7/8 

15/16 

15/32 

LINE  BY  LINE 
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IK 

IK 

1 

IK 

IK 

LINE  BY  LINE 
(1  X 32) 

IK 

IK 

IK 

IK 

IK 

LINE  BY  LINE 
(1  X 16) 

IK 

IK 

IK 

IK 

IK 
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IK 

IK 

IK 
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IK 

8X8  BLOCK 

IK 

IK 

IK 

IK 
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IK 
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2K 
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Figure  17.  Buffer  RAM  Size  (Per  Bit  Slice)  for  Frame  Rate  Buffer 


TABLE  2.  POWER  SUPPLY  REQUIREMENTS 


Power  Supply 

Current  Without 

A/D  and  S/H 

Current  With 
Hybrid/Discrete 

A/D  and  S/H 

+5Vdc 

860  mA 

1000  mA 

+ 12Vdc 

550  mA 

550  mA 

-6Vdc 

< 10  mA 

< 10  mA 

-12Vdc 

< 10  mA 

460  mA 

TABLE  3.  POWER  MEASUREMENT  FOR  FRAME  RATE  BUFFER 


Functional 

Description 

Estimated 

Power 

Technology 

Serial  to  parallel 

Low  power 

converter 

1.5W 

Schottky 

CCD  Memory  Devices 

2.4W 

MOS 

and  clock  drivers 

3.0W 

Buffer  RAM 

0.3W 

Silicon  on  Sapphire  MOS 

Output  Register 

O.IW 

Low  power  Schottky 

Control  Logic 

3.5W 

LS  TTL  and  MOS 

TOTAL 

10.8W 

b.  Frame  Rate  Buffer  Packaging 

Figure  19  shows  a photograph  of  the  brassboard  Frame  Rate  Buffer  unit.  It  is  built  in  a 19 
inch  rack -mountable  drawer  with  a depth  of  29  inches  and  a height  of  5'/i  inches.  All  of  the  electronics 
are  housed  on  two  7 by  7 inch  wirewrap  boards.  Figure  20  shows  a photograph  of  the  circuit  board  con- 
taining CCD  memory,  buffer  RAM  memory,  and  output  converters.  Figure  21  shows  a photograph  of 
the  timing  board.  Table  4 shows  a parts  breakdown  for  the  two  Frame  Rate  Buffer  circuit  boards. 

The  VIDEO  INPUT  front  panel  connector  interfaces  directly  to  an  RS-170,  76  11  video 
source.  The  remaining  four  connectors,  COMP  SYNC,  COMP  BLANK,  V DRIVE,  and  H DRIVE  are 
75  11  source  drivers  for  external  sensor  synchronization. 


2.1 


Figure  19.  View  of  Frame  Rate  Buffer  Unit 
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Figure  20.  Frame  Store  Memory  Circuit  Board 
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Figure  21.  FRB  Timing  Board 


TABLE  4.  PARTS  COUNT  FOR  FRAME  RATE  BUFFER 


Functional 

Description 

6 Bits/Pixel 
Functional  Total 

No.  Parts  at 

1 Bit/Pixel 

Serial  to  Parallel  Converter 

12 

2 

CCD  Memory  Devices 

24 

4 

and  Driver 

6 

1 

Buffer  RAM 

12 

2 

and  Register 

6 

1 

Tri-State  Buffer 

6 

1 

Control  Logic 

44 

44 

TOTAL 

110 

56 
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2 DISPLAY  REFRICSH  MEMORY  DETAlLf<:D  DESCRIPTION 
a.  Technical  Operation 

The  Display  Refresh  Me  nory  is  capable  of  inputtiriK  and  storing  frame  rate  reduced  video 
data  while  continuously  refreshing  an  NTS('  standard  TV  monitor  at  a 30  frame/second  rate.  The 
DRM  essentially  performs  the  reverse  function  of  the  Frame  Rate  Buffer.  A simplified  block  diagram 
showing  the  major  operational  blocks  in  the  DRM  is  shown  in  Figure  22  The  serial  input  data  is 
clucked  through  a serial  to  parallel  converter  and  written  into  an  input  buffer  RAM.  The  operation  of 
outputting  a full  RAM  of  data  from  the  FRB  to  the  DRM  is  actually  a copy  function  with  each  pixel 
from  the  FRB  being  transferred  to  its  corresponding  location  in  the  DRM.  This  data  is  then  stored  in 
CCD  memory  for  output.  There  are  two  complete  frame  memories  in  the  FRB.  and  they  operate  in 
alternate  modes  While  one  memory  is  being  loaded  with  a slow  scan  video  frame,  the  other  is  read  out 
through  a high  speed  D/A  converter  to  a TV  monitor.  After  the  first  memory  is  full,  that  memory  is 
switched  by  the  FRAME  SYNC  signal  to  be  displayed  on  the  monitor. 

A detailed  block  diagram  of  the  Display  Refresh  Memory  unit  is  shown  in  Figure  23.  Upon 
command  of  the  BEGIN  NEW  PIXEL  SET  pulse,  the  six-bit  pixel  serial  input  data  (from  the  FRB  out- 
put* is  clocked  into  a serial-to-four-wide  parallel  converter  by  the  external  serial  data  clock.  The  cir- 
cuitry required  for  generating  this  external  clock,  along  with  the  address  lines  to  the  FRB,  are  con- 
tained in  the  DRM  but  not  considered  part  of  it.  The  four  input  pixels  are  then  written  into  an  input 
buffer  RAM.  There  are  two  redundant  buffer  RAMs  that  operate  in  alternate  modes.  While  one  RAM 
is  being  written  with  input  data,  the  other  is  being  read  into  the  CCD  frame  store  memory.  This 
redundant  RAM  removes  the  complexity  of  trying  to  simultaneously  read  and  write  a single  RAM. 
After  one  RAM  has  been  loaded  with  input  data,  a RAM  FULL  pulse  is  generated  and  the  two  RAMs 
reverse  functions.  Each  RAM,  whether  written  with  input  data  or  read  into  the  CCD  memory,  has 
four  horizontal  line  times  (254  microseconds'  to  complete  its  function.  Figure  24  shows  a timing  dia- 
gram of  the  data  input  sequence  along  with  associated  start  pulses. 

The  CCD  memories  are  loaded  with  data  from  the  buffer  RAM  in  an  architecture  similar  to 
that  of  the  FRB.  Since  the  digital  CCD  data  is  output  directly  to  the  D/A  converter  for  display,  this 
CCD  data  is  arranged  with  adjacent  line  odd  field  data  in  the  lower  half  of  memory  and  adjacent  line 
even  field  data  in  the  upper  half  of  memory.  This  architecture  is  shown  in  Figure  25.  As  in  the  FRB. 
there  is  one  CCD  for  each  of  the  four  parallel  data  lines  and  4 CCDs  for  each  bit  per  pixel  for  a total  of 
24  CCDs  in  each  of  the  two  frame  memories  of  the  DRM.  The  four  parallel  CCDs  are  each  loaded  with 
every  fourth  pixel  from  a horizontal  line,  so  each  CCD  will  contain  ' 4 of  a horizontal  line,  or  128  pixels. 
The  shaded  areas  in  the  lines  of  Figure  24  represent  the  new  data  stored  for  the  first  vertical  picture 
stripe  of  the  output  video  frame  at  the  7'/i  P’PS  rate.  This  stripe  is  64  pixels  long  (see  Figure  9 (a) 
One  buffer  RAM,  therefore,  contains  8 lines  by  64  pixels  of  data.  The  first  vertical  picture  stripe  will 
be  written  into  the  CCD  locations  reserved  for  lines  1 through  8,  and  each  of  the  four  CCDs  will  be 
written  with  16  pixels  (64  pixels  total'.  One  buffer  RAM  will  therefore  store  the  designated  16  pixels 
of  lines  1 through  8 into  the  CCDs.  The  second  RAM  will  store  the  first  16  pixels  of  lines  9 through  16 
into  the  four  CCDs.  This  process  will  continue  until  the  entire  CCD  memory  has  been  filled  from  the 
RAMS  with  these  16  pixel  wide  segments.  Each  CCD  will  make  eight  complete  revolutions  for  each 
vertical  picture  stripe  output  from  the  FRB.  Since  each  stripe  is  .sent  during  one  entire  real  time  TV 
field,  the  CCD  will  make  these  eight  revolutions  in  each  field. 

The  horizontal  line  data  from  the  CCDs  will  then  be  output  to  the  high  speed  D/A  converter 
(DAC'  in  a sequential  manner.  Since  the  frame  rates  of  7'/<i  FPS,  3^4  FPS  and  U4  FPS  correspond  to 
receiving  one  complete  active  video  frame  every  4.  8 or  16  real  time  TV  frames  respectively,  the  CCD 
memory  being  displayed  on  the  monitor  will  be  read  4,  8 or  16  times.  The  Display  Refresh  Memory  has 
its  own  internal  master  oscillator  and  TV  sync  generator  .so  that  the  alternating  between  frame 
memories  in  the  DRM  results  in  flicker-free  monitor  opt'ration.  A sample  timing  diagram  for  reading 
digital  CCD  data  and  outputting  it  to  the  DAC  is  shown  in  Figure  26.  The  same  serial  output  clock  of 
the  DRM  output  is  used  by  the  DAC  since  data  is  read  out  of  the  DRM  on  the  negative-going  edge  of 
this  clock  and  the  DAC  latches  in  new  pixel  data  on  the  positive-going  edge  of  this  clock. 


27 


A high  speed  DAC  is  used  to  interface  the  6-bit  digital  data  from  the  DRM  to  the  TV  moni- 
tor. The  DAC  accepts  a 6-bit,  TTL  compatible,  10  Mbps  pixel  along  with  composite  sync  and  composite 
blanking  to  output  standard  RS-170  composite  video.  The  output  is  buffered  and  capable  of  driving  a 
75  ohm  load.  A block  diagram  of  the  D/A  converter  is  shown  in  Figure  27. 

As  shown  in  the  block  diagram,  alternate  pixels  will  be  latched  and  presented  to  each  DAC 
every  200  nanoseconds.  The  outputs  of  the  DACs  are  then  multiplexed  so  that  every  pixel  is  output. 
This  dual  latch/DAC  approach  was  chosen  to  minimize  power  consumption  and  maximize  speed  per- 
formance as  compared  to  the  conventional  DAC  module  and  sample/hold  circuitry.  By  using  the  two 
DACs  and  multiplexer,  the  analog  output  has  a chance  to  settle  since,  if  it  were  not  settled  when  one 
DAC  output  was  selected,  it  would  settle  during  that  sample.  Using  a sample  and  hold,  however,  if  the 
DAC  had  not  settled  when  sampled,  the  output  would  be  wrong  for  the  entire  sample.  So  the  two- DAC 
approach  offers  some  significant  advantages. 

This  converter  has  been  designed,  built  and  tested  to  operate  satisfactorily  over  the  temper- 
ature range  -55  degrees  C to  -f90  degrees  C.  The  composite  blanking  signal  will  be  used  to  output  a 
black  (all  zero  equivalent)  video  level  during  horizontal  and  vertical  blanking  intervals  of  the  nioni 
tor.  Composite  sync  will  be  summed  into  the  output  video  to  produce  the  standard  RS-170  composite 
^ video. 

The  Display  Refresh  Memory  will  accept  the  line-by-line  or  different  block  sized  data  for- 
mats shown  in  the  inside  portion  of  Figure  17  without  internal  DRM  circuitry  changes.  The  only 
change  required  is  in  the  control/interface  circuitry  which  addresses  the  Frame  Rate  Buffer’s  output 
buffer  RAM. 

The  Display  Refresh  Memory  unit  was  designed  to  operate  over  the  specified  temperature 
range  of  -29  degrees  C to  -*-49  degrees  C.  All  parts  except  the  CCDs  and  clock  drivers  are  specified 
over  the  entire  military  temperature  environment  of  -55  degrees  C to  -H25  degrees  C.  The  memories 
and  clock  drivers  are  specified  at  0 degrees  C to  -*-70  degrees  C. 

The  Display  Refresh  Memory  is  powered  by  four  modular  power  supplies.  Table  5 
lists  each  supply  with  its  associated  drive  current  loads.  All  supplies  are  short  circuit  proof  and  over- 
voltage protected  for  maximum  circuit  protection.  The  input  requirements  to  these  supplies  are 
115Vac±10%,  50-400  Hz.  Table  6 summarizes  the  technology  and  functional  submodule  power  dis- 
sipation of  the  DRM.  This  power  includes  the  interface  circuitry  that  controls  the  FRB.'DRM  serial 
data  interface. 

^ b.  Display  Refresh  Memory  Packaging 

Figure  28  shows  a photograph  of  the  brassboard  Display  Refresh  Memory  unit.  It  is  built  in 
a 19"  rack-mountable  drawer  with  a depth  of  29  inches  and  a height  of  b'h  inches.  The  electronics  are 
mounted  on  four  7x7  inch  wirewrap  boards  with  all  control  and  interface  signals  connected  through  a 
55-pin  circular  connector.  Figure  29  shows  the  component  layout  of  one  of  the  two  complete  CCD 
frame  store  memories  in  the  DRM.  Table  7 shows  a parts  breakdown  for  the  four  DRM  circuit  boards. 

There  are  four  teat  points  located  on  the  front  panel  of  the  Display  Refresh  Memory. 
H DRIVE  is  a synchronizing  signal  for  observing  actual  video  output  data.  The  SYNC  signal  is  the 
FRAME  SYNC  pulse  which  designates  the  beginning  of  a new  active  frame  of  video  to  be  output  from 
the  FRB,  The  LOAD  RAM  test  point  is  the  “BEGIN  NEW  PIXEL  SET"  signal  from  the  FRB.  This  sig- 
nal indicates  that  an  FRB  buffer  RAM  is  full  and  ready  to  be  output  to  the  DRM.  The  RAM  FULL  test 
point  is  generated  inside  the  DRM  that  indicates  one  FRB  RAM  has  been  transferred  to  the  DRM 
input  RAM  and  is  ready  to  be  written  into  the  CCDs.  All  four  of  these  signals  are  buffered  so  that 
f unintentional  grounding  will  not  affect  the  operation  of  the  DRM. 

The  composite  sync  and  composite  video  signals  are  used  for  TV  monitor  or  video  tape  re- 
corder synchronization.  Each  of  these  signals  is  capable  of  driving  a 75  ohm  load  and  is  short  circuit 
protected. 
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Figure  23.  Detailed  Block  Diagram  for  Display 
Refresh  Memory 
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Figure  24.  Serial  Data  Input  Timing  Sequence  for  DRM 
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Figure  26.  DRM  Output  Timing 
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Figure  27.  Digital-To-Analog  Converter 


TABLE  5.  POWER  SUPPLY  REQUIREMENTS 


Power  Supply 

Drive  Current 

+6Vdc 

1200  mA 

+ 12Vdc 

780  mA 

-5Vdc 

1 1.5  mA 

-12Vdc 

30.0  mA 

.T6 


TABLE  6.  POWER  DISSIPATION  FOR  DISPLAY  REFRESH  MEMORY 


j Functional 

j Description 

Estimated 

Power 

Technology 

1 Serial-To-Parallel 

1.5  W 

Low  Power  Schottky 

Converter 

Input  Buffer  RAM 

0.3  W 

MOS 

1 

CCD  Memory  Devices 

4.8  W 

MOS 

Clock  Drivers 

6.0  W 

MOS 

Output  Serial  Register 

0.2  W 

Low  Power  Schottky 

Control  Logic 

2.2  W 

Ix)w  Power  Schottky 

Interface  Circuitry 

0.5  W 

Low  Power  Schottky 

D/A  Converter 

0.4  W 

Low  Power  Schottky 

TOTAL 

15.9  W 

Figure  28.  Display  Refresh  Memory  Brassboard  Unit 


Figure  29.  DRM  Frame  Store  Memory  Board 


TABLE  7.  PARTS  COUNT  FOR  DISPLAY  REFRESH  MEMORY 


Functional 

Description 

6 Bits/Pixel 

Functional  Total 

No.  Parts  at 
1 Bit/Pixel 

Serial -To- Par  allel 

Converter 

12 

2 

CCD  Memory  Devices 

48 

8 

Clock  Drivers 

12 

2 

Output  Serial  Register 

12 

2 

Control  Logic 

60 

60 

D/A  Converter 

7 

7 

TOTAL 

161 

81 

c.  Self-Test  Feature  of  Display  Refresh  Memory 

The  self-test  feature  generates  an  eight-level  (3-bit)  grey  scale  of  8 vertical  stripes  as  seen 
on  the  TV  monitor.  This  mode  is  selected  by  connecting  the  single  test  connector  plug  to  the  Control/ 
Interface  connector  located  on  the  DRM  front  panel,  and  selecting  a 7'/4  frame  per  second  rate.  The  as- 
sociated circuitry  for  the  test  pattern  generator  is  located  on  board  A3,  and  a block  diagram  of  the  test 
circuitry  is  shown  in  Figure  30. 

The  MM4320  TV  Sync  Generator  is  allowed  to  free-run,  and  a test  SYNC  signal  is  gener- 
ated every  fourth  real-time  TV  frame.  A three-bit  binary  counter  is  used  to  count  the  eight  fields  dur- 
ing these  four  frames  such  that  one  binary  count  is  output  throughout  an  entire  field.  These  three 
counter  bits  are  routed  through  the  test  connector  plug  back  into  the  three  most  significant  input 
data  bits  of  the  DRM.  The  three  least  significant  bits  are  all  logic  “0”  (grounded).  A TEST  BEGIN 
NEW  PIXEL  SET  signal  is  generated  every  fourth  horizontal  line  time  from  the  MM4320  Sync 
Generator. 

The  TV  picture  pattern,  then,  will  appear  as  follows: 

0 0 0 0 1 1 1 1 

0 0 1 1 0 0 1 1 

0 10  10  10  1 
00000000 
00000000 
00000000 


Figure  30.  Block  Diagram  of  Test  Pattern  Generator 


I 


I 
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This  pattern  may  be  shifted  (rotated  horizontally)  by  adjusting  the  TEST  SYNC  pot  on  board  A3  so 
that  the  brightest  stripe  (111000)  just  appears  at  the  left  side  of  the  picture  followed  by  the  darkest 
stripe.  This  will  allow  the  DAC  output  to  be  observed  as  it  reacts  to  this  ‘step*  function.  A picture  of 
one  horizontal  line  of  the  test  feature  exhibiting  this  mode  is  shown  in  Figure  31.  A picture  of  this 
rotated  test  pattern  is  shown  in  Figure  32. 


0.5  V/qiv 

■ " ■ **  10^SEC/[)|y 

Figure  31.  Composite  Video  of  Test  Pattern  (1  Horizontal  Line) 


40 


Figure  32.  Test  Video  From  DRM 
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EXTERNAL  PROCESSOR  CONTROL/INTERFACE  FOR  FRB-DRM  OPERATION 


The  output  of  the  Frame  Rate  Buffer  unit  and  the  input  of  the  Display  Refresh  Memory  unit 
are  designed  to  allow  a bandwidth  compression  transform  processor  to  be  operated  between  the  two 
brassboard  units.  The  Frame  Rate  Buffer  has  the  following  interface  control  signals  which  must  be 
used  or  generated  by  the  processor; 

1.  SYNC  — 100  nanosecond  pulse  sent  every  4,  8 or  16  TV  frames  (7'/4  FPS,  ZV*  FPS  or  1% 
FPS)  to  indicate  the  start  of  a new  active  frame  of  video. 

2.  BEGIN  NEW  PIXEL  SET  — 100  nanosecond  pulse  sent  every  4 TV  line  times  (253.97  p-s)  to 
indicate  buffer  RAM  is  ready  for  output. 

3.  SERIAL  DATA  OUTPUT  — Six  parallel  bits  for  single  pixel  serial  data  interface. 

4.  ADDRESS  LINES  — Seven  address  lines  used  to  access  up  to  128  sets  of  4 adjacent  pixel 
groups  from  the  buffer  RAM. 

5.  SERIAL  OUTPUT  CLOCK  — single  clock  to  output  serial  pixels  from  the  FRB  parallel  to 
serial  register. 

6.  OUTPUT  REGISTER  LOAD  — positive-going  pulse  sent  every  four  Serial  Output  Clock 
pulses  to  load  P/S  register  from  buffer  RAM. 

7.  TRISTATE  ENABLE  — Active  high  signal  to  TRI-STATE  FRB  output  for  “common  bus” 
operation. 

All  of  these  signals  are  standard  TTL  logic  levels. 

The  SYNC  pulse  will  be  sent  at  the  beginning  of  the  ACTIVE  video  frame,  where  this  active 
frame  is  defined  in  Figure  4 for  all  frame  rates.  This  pulse  will  be  output  at  the  start  of  the  even  field 
of  the  real  time  TV  frame  (see  Figure  6)  since  the  actual  stored  video  is  not  available  for  output  until 
that  time.  This  is  because  the  output  data  format  is  specified  to  be  8x8  frame-oriented  blocks,  and  the 
stored  frame  is  output  in  vertical  picture  stripes  according  to  Figure  9.  Each  vertical  stripe  is  divided 
into  64  equal  sections,  with  each  section  (8  lines  by  64  pixels  for  VA  FPS)  corresponding  to  one  full 
output  buffer  RAM.  Once  a section  is  ready  for  output  from  a RAM,  a BEGIN  NEW  PIXEL  SET  pulse 
is  transmitted.  From  this  point,  the  BW  compression  processor  must  remove  the  appropriate  pixels 
(see  Table  1)  for  processing  during  the  next  four  horizontal  line  times  (—  254  microseconds).  These 
pixels  may  be  removed  from  the  FRB  by  appropriate  RAM  addressing,  P/S  register  loading  and  clock- 
ing according  to  the  timing  diagram  of  Figure  16.  This  asynchronous  “hand-shake”  mode  will  allow 
the  processor  to  perform  operations  at  a continuous  or  gated  rate  of  one  pixel  every  100  nanoseconds 
maximum.  The  processor  may,  therefore,  extract  data  from  the  FRB  with  clock  signals  generated 
from  either  its  own  master  oscillator  or  a clock  supplied  by  the  FRB.  The  only  constraint  is  that  each 
FRB  buffer  RAM,  containing  8 lines  by  64  pixels  of  data,  must  be  completely  processed  before  the  next 
BEGIN  NEW  PIXEL  SET  pulse,  or  a maximum  time  of  254  microseconds.  The  TRISTATE  ENABLE 
line  is  held  low  for  normal  data  output  from  the  FRB,  and  enabled  high  to  allow  “common  bus”  opera- 
tion. 

Figure  33  shows  a block  diagram  of  the  processor  interface  to  the  FRB  and  DRM  brassboard 
units.  Since  the  compressed  data  is  assumed  to  be  transmitted  over  a data  link,  the  FRAME  SYNC 
signal  is  assumed  to  be  part  of  the  transmitted  data  immediately  preceeding  the  first  transformed 
data  bit  of  the  active  video  frame.  This  sync  code  must,  therefore,  be  detected  by  the  inverse  processor 
to  be  output  to  the  DRM.  The  serial  data  clock  must  be  obtained  from  the  link,  and  the  BEGIN  NEW 
PIXEL  SET  pulse  must  be  output  to  the  DRM  after  eight  lines  of  a vertical  picture  stripe  have  been 
inverse  processed.  The  ground  processor  may  operate  from  a clock  furnished  by  the  DRM  or  from  its 
own  internal  oscillator  since  the  data  input  to  the  DRM  may  be  asynchronous  due  to  the  “handshake" 
mode  of  operation. 
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Figure  33.  Block  Diagram  of  Bandwidth  Compreasion  Processor  Interface 


The  Display  Refresh  Memory  needs  the  following  interface  control  signals; 

1.  SYNC  — 500  nanosecond  pulse  sent  every  4,  8 or  16  TV  frames  (7‘/4  FPS,  3%  FPS  or  I'/t 
FPS)  proceeding  the  first  pixel  of  a new  frame. 

2.  BEGIN  NEW  PIXEL  SET  — 100  nanosecond  pulse  sent  every  4 TV  line  times  (—  254  /us)  to 
indicate  a new  eight  lines  of  a vertical  picture  stripe. 

3.  SERIAL  DATA  — Six  lines  of  data,  corresponding  to  6 bits  for  a single  serial  pixel. 

4.  DATA  CLOCK  — Input  clock  whose  POSITIVE  edge  may  be  used  to  clock  stable  data  into 
the  DRM. 

All  signals  are  standard  TTL  logic  levels  and  are  diagrammed  in  Figure  33. 

The  SYNC  signal  is  used  to  select  the  alternate  CCD  memory  frame  in  the  DRM,  as  well  as 
reset  the  TV  monitor’s  control  sync  to  the  upper  left  hand  corner  of  the  sweep.  This  allows  the  pre- 
ceeding  video  frame  to  be  displayed  on  the  monitor  and  resets  all  controls  for  writing  the  next  active 
video  frame  into  the  other  CCD  memory  block.  Following  the  SYNC  pulse,  there  will  be  a total  of  512  x 
512  pixels  (at  6 bits  per  pixel)  inputted  to  the  DRM  to  fill  this  other  memory  frame.  There  are  64 
BEGIN  NEW  PIXEL  SET  pulses  sent  every  field  with  the  total  number  of  these  pulses  being  depen- 
dent on  the  frame  rate,  as  shown  in  Table  1.  The  number  of  pixels  to  be  taken  from  the  inverse  pro- 
cessor and  then  put  into  the  DRM  is  also  shown  in  that  figure. 

The  serial  data  lines  correspond  to  a single  pixel  (at  6 bits  per  pixel)  to  be  stored  in  the  DRM. 
The  serial  data  stream  is  also  accompanied  by  a data  clock  to  strobe  a given  pixel  into  the  DRM  on  its 
positive-going  edge.  The  DRM  accepts  pixels  at  either  a constant  rate,  or  in  bursts  up  to  a maximum 
of  one  pixel  every  100  nanoseconds.  The  only  constraint  is  that  the  required  number  of  pixels  be  input 
to  the  DRM  in  the  4 horizontal  line  times  (254  /xs). 
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FRAME  FREEZE/TIME  INTEGRATION  DESIGN  DESCRIPTION 
a.  Algorithm  Implementation 


The  FF/Tl  unit  is  a video  frame  store  memory  used  to:  1)  freeze  the  monitor  display  mo- 
mentarily for  more  detailed  observation,  and  2)  improve  the  system  sensitivity  for  the  detection  of  fix- 
ed or  slowly  moving  objects  by  integrating  successive  frames  of  video  as  the  image  is  displayed.  This 
time  integration  function  is  done  by  acquiring  a line  of  digitized  video  from  the  frame  store  memory, 
adding  to  it  the  most  recent  sensor  scan,  scaling  the  sum  appropriately  to  avoid  register  overflow,  and 
re-inserting  the  result  back  into  the  frame  store  memory.  This  “exponentially-weighted"  averaging 
process  allows  the  frame  averaging  to  be  continuous,  with  the  results  of  the  earlier  measurements  de- 
emphasized  as  new  measurement  information  is  added.  The  integration  process  will  be  implemented 
on  a pixel  by  pixel  basis. 

The  exponentially-weighted  algorithm  is  expressed  as  follows: 


where 

A„  = latest  measurement  average  to  be  stored 
Aj,_j  = previous  stored  measurement  average 
Sj^  = current  pixel  value 
F = weighting  factor 


So  the  difference  between  the  previous  stored  value  and  the  current  real  time  pixel  value  is  scaled  by 
F and  then  added  to  the  previous  stored  value  to  obtain  the  new  video  sample  value.  From  the  equa- 
tion a small  value  of  F will  cause  the  displayed  video  to  respond  quickly  to  changes  in  S^.  Larger 
values  of  F will  cause  the  displayed  video  to  adapt  slowly  to  changes  in  S^.  The  FF/TI  is  designed  for 
F = 16  so  that  the  divide  will  consist  of  a four-bit  shift.  A block  diagram  of  the  algorithm  is  shown  in 
Figure  34. 

With  F = 16,  a computer  program  was  run  to  check  the  transient  response  of  the  algorithm 
to  an  input  step  function  of  a full  scale  pixel  value  (128)  to  a zero-value  average  measurement.  This 
resultant  steady-state  average  value  was  then  processed  with  a zero-value  pixel.  The  results  are 
shown  in  Appendix  B.  These  tabulated  values,  representing  the  actual  video  average  measurement, 
indicate  that  no  additional  sign  bit  is  needed  for  proper  algorithm  operation.  Since  these  average  mea- 
surements are  conducted  on  a pixel  by  pixel  basis,  the  entire  algorithm  must  be  implemented  in  one 
real  time  pixel  increment.  This  means  that  the  output  video  display,  coming  from  the  previous  mea- 
surement sample,  will  essentially  be  one  frame  sample  behind  the  real  time  averaged  value. 
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Figure  34.  Implementation  of  Exponential  Averaging  Algorithm 


b.  FF/TI  Design  Description 

Figure  35  shows  a block  diagram  of  the  Frame  Freeze/Time  Integration  unit.  This  is  a com- 
plete system  which  may  snatch  a frame  of  video,  digitize  it,  store  it,  and  then  read  it  out  continuously 
through  D/A  converter  to  a sUndard  525  line  NTSC  compatible  RS-170  format  display.  This  unit  may 
also  add  together  successive  frames  on  a pixel  for  pixel  basis  while  the  sum  is  continuously  being 
updated  on  a TV  monitor.  These  two  unique  functions,  along  with  the  normal  mode  of  real  time  dis- 
play of  consecutive  stored  frames,  are  under  pushbutton  control  of  a display  operator. 

The  design  of  the  FF/TI  unit  makes  extensive  use  of  the  frame  store  memory  module  of  the 
two  brassboard  units.  The  input  video  from  a TV  camera  is  adjusted  to  proper  operating  levels  by  a 
video  amplifier  and  then  digitized  to  6 bits  per  pixel  through  a high  speed  sample/hold  and  A/D  con- 
verter. These  serial  pixels  are  then  converted  to  a four-pixel-wide  bus  by  a serial-to-parallel  converter. 
A high  speed  adder  is  next  used  to  perform  one  of  two  functions.  Under  a normal  display,  the  input 
pixels  are  added  to  zero,  and  stored  in  the  CCD  memory  unchanged  from  their  original  values.  Since 
these  pixels  are  input  in  a standard  field  organized  frame,  the  CCDs  are  organized  exactly  as  the  Dis- 
play Refresh  Memory  shown  in  Figure  24.  At  the  same  time  an  input  pixel  is  written  into  the  CCD 
memory,  the  previous  value  is  read  from  the  CCDs  and  displayed  on  a monitor  through  a D/A  con- 
verter. Since  both  the  TV  camera  and  TV  monitor  receive  the  same  synchronizing  signal  from  the 
FF/TI  unit,  the  relative  sensor  sweeps  are  located  in  exactly  the  same  location.  This  completely  syn- 
chronous operation  reduces  the  complexity  of  the  controlling  hardware  but  means  that  the  displayed 
video  is  exactly  one  frame  behind  the  real  time  TV  camera  video. 

If  the  Frame  Freeze  function  is  selected,  the  memory  operates  exactly  the  same  way.  A 
pixel  is  read  from  the  CCD  memory  and  output  to  the  D/A  converter  for  display.  At  the  same  time, 
that  pixel  is  latched  into  a register  and  fed  back  to  the  input  adder.  In  this  mode,  that  feedback  pixel  is 
added  to  zero  (the  most  recent  input  pixel  from  the  camera  is  ignored)  and  then  stored  back  into  its 
same  CCD  location.  This  READ-MODIFY- WRITE  operation  causes  the  video  in  the  CCD  memory  to 
retain  its  original  value,  and  the  monitor  display  will  effectively  be  frozen  with  one  frame  of  video.  As 
soon  as  this  function  is  removed,  the  most  recent  TV  camera  video  frame  will  be  stored  in  memory  and 
displayed  the  following  frame. 

The  Time  Integration  mode  of  operation  is  almost  unchanged  from  the  Frame  Freeze  mode. 
As  a pixel  is  read  out  of  the  CCD  memory,  it  is  simultaneously  displayed  on  the  TV  monitor.  This  pixel 
is  also  latched  into  the  feedback  register  and  presented  to  the  input  adder.  This  pixel  is  then 
subtracted  from  the  most  recent  TV  camera  pixel  from  the  A/D  converter.  This  difference  is  next 
shifted  down  four  bits  (divided  by  16),  added  to  the  present  output  pixel,  and  stored  back  into  the  CCD 
memory.  This  completes  the  integration  algorithm  of  one  pixel  of  video.  The  process  is  actually  imple- 
mented on  four  parallel  pixels,  with  a resolution  of  10  bits  per  pixel  (F  = 16).  The  output  video  to  the 
D/A  converter  will  consist  of  the  six  most  significant  bits  from  a given  pixel  value. 

Since  four  parallel  pixels  must  be  averaged  in  four  real  time  pixel  increments,  the  timing 
sequence  is  very  critical.  Figure  36  shows  a sample  timing  diagram  of  the  algorithm  execution.  The 
actual  hardware  operation  will  require  careful  scrutiny,  but  the  diagram  shows  that,  typically, 
enough  time  is  available  for  the  entire  process. 

The  D/A  converter  to  be  used  with  the  FF/TI  unit  is  the  same  as  that  described  for  the  Dis- 
play Refresh  Memory  in  paragraph  2a.  The  parts  count  for  the  Frame  Freeze./Time  Integration  unit 
will  be  comparable  to  the  Frame  Rate  Buffer  unit  except  four  more  bit  planes  of  CCD  memory  with  as- 
sociated drivers  and  output  latches  must  be  included.  The  power  estimate  for  the  FF/TI  unit  is 
expected  to  be  about  15  watts.  The  push-button  mode  controls  are  clocked  with  the  sync  generator 
Field  Index  pulse  so  that  a newly  selected  mode  will  begin  with  the  next  full  video  frame  so  that  no 
glitches  or  blank  spots  will  be  detected  on  the  monitor  display. 
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Figure  36.  Timing  Sequence  for  Algorithm  Implementation 


5 COMMON  MODULE  PARTITIONING 

The  Frame  Rate  Buffer,  Display  Refresh  Memory  and  Frame  Freeze/Time  Integration  units 
are  designed  to  utilize  common  functional  blocks.  These  blocks  are  implemented  in  discrete  func- 
tional inodules  which  perform  identical  operations  in  each  unit.  A list  of  the  modules,  along  with  the 
units  which  incorporate  a particular  module,  is  shown  in  Table  8.  These  modules  are  realized  with  dis- 
crete hardware  so  that  one  functional  block  is  required  for  each  bit  per  pixel  (bit  plane  segmented). 
I his  modul^  packaging  approach  will  allow  each  functional  module  to  be  reduced  to  a high  density 
form  (hybrid  packaging  or  full  wafer  LSI).  The  following  sections  completely  define  each  module  with 
respect  to  function,  data  I/O  format,  and  power  supply/control  interface.  An  approximate  hybrid  pack- 
age size  IS  listed  for  some  of  the  modules. 
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TABLE  8.  COMMON  MODULE  UTILIZATION 


Common  Module 

Unit 

Sample/Hold  & A/D  Converter 

Frame  Rate  Buffer, 

Frame  Freezer/Time  Integration 

Serial-to-Parallel  Converter 

Frame  Rate  Buffer, 

Display  Refresh  Memory, 

Frame  Freeze/Time  Integration 

Frame  Store  Module 

Frame  Rate  Buffer, 

Display  Refresh  Memory, 

Frame  Freeze/Time  Integration 

Data  Reformatter  Module 

Frame  Store  Memory, 

(Buffer  Ram) 

Display  Refresh  Memory 

D/A  Converter 

Display  Refresh  Memory, 

Frame  Freeze/Time  Integration 

a.  Serial  to  Parallel  Converter 

The  serial-to-parallel  converter  module  is  used  at  the  input  of  all  three  units  to  change  10 
Mbps  serial  pixel  data  to  a four  wide,  2.5  Mbps  parallel  pixel  bus.  This  hybrid  module  consists  of  two 
54LS175  low  power  Schottky,  positive  edge- triggered  latches,  and  one  module  is  required  for  each  bit 
per  pixel  of  digitized  video  resolution.  Figure  37  shows  an  interconnect  of  this  module.  Input  data  SI 
is  input  to  the  first  group  of  latches,  and  ripples  through  this  register  at  the  input  clock  rate.  The 
input  pixels  are  clocked  through  this  serial  shift  register  on  the  low  to  high  transition  of  the  clock. 
The  LATCH  signal  is  used  to  clock  every  four  pixels  in  the  serial  register  to  the  four  wide  output  bus. 
The  LATCH  clock  is  made  by  simply  dividing  the  input  CLOCK  by  4.  The  four  output  pixels  are  then 
stable  for  four  input  data  time  segments.  The  expected  power  dissipation  of  this  module  is  typically 
120  mW.  The  module  itself  will  have  only  9 output  pins,  with  all  inputs  and  outputs  TTL  compatible. 
Each  input  represents  one  half  of  a unit  TTL  load,  and  each  output  is  capable  of  driving  10  unit  TTL 
loads. 


b.  Frame  Store  Module 

The  frame  store  module  consists  of  one  bit  plane  of  CCD  memory  with  associated  clock  driv- 
ers and  data  latches.  This  module  is  also  used  in  the  FRB,  DRM  and  FF/TI.  Figure  38  shows  the  inter- 
connect for  this  module.  There  are  seven  chips  associated  with  the  frame  store  module.  Four  64K  CCD 
memory  devices,  which  correspond  to  one  bit  plane  of  memory  in  all  three  units  are  required.  There  is 
a MOS  clock  driver  to  interface  the  TTL  phase  clocks  and  chip  enable  to  the  CCDs.  Also,  an  input/out- 
put data  latch  and  output  parallel-to-serial  converter  are  contained  in  the  module.  These  last  two 
chips  allow  the  memory  outputs  to  be  interfaced  to  the  re-formatter  module  in  the  FRB  or  directly  to 
the  D/A  converter  in  the  DRM  or  FF/TI.  All  inputs  represent  one  unit  TTL  load  factor  except  the  data 
input  lines  which  represent  I'/i  unit  loads.  All  inputs  and  outputs  are  TTL  compatible.  The  power  dis- 
sipation of  this  module  is  estimated  to  be  about  1 watt.  There  are  26  output  pins  required  for  interfac- 
ing, and  the  hybrid  size  will  be  a 1 inch  x 1 inch  package. 
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c.  Data  Re-Formatter  Module 

The  data  re-formatter,  or  buffer  RAM  module  is  used  in  the  FRB  and  DRM  units  for  inter- 
lacing or  de-interlacing  field  oriented  horizontal  video  lines.  This  module  consists  of  two  256x4-bit 
silicon-on-sapphire  MOS  RAMs  and  a low  power  Schottky  Tristate  parallel-to-serial  converter.  One  of 
these  modules  is  needed  for  each  bit  per  pixel  in  each  of  the  two  brassboard  units.  The  maximum  read 
or  write  cycle  time  of  the  RAM  is  400  nanoseconds,  with  the  output  serial  data  being  available  at  10 
Mbps.  Figure  39  shows  the  interconnect  for  the  data  re-formatter  module.  All  inputs  and  outputs  are 
TTL  compatible.  All  control  lines  of  the  RAMs  are  brought  out  as  part  of  the  34  I/O  pins  so  that  each 
RAM  may  be  operated  independently.  The  total  power  dissipation  is  about  225  mW. 


51 


Illllll 


OUTPUT 


SEL 


01, 

OI2 

DI3 

DI4 


'DO 


SERIAL 

OUTPUT 

DISABLE 

SERIAL 
• DATA 
OUT 


'SS 


00, 

■DO, 


•DO, 


•DO4 


OUTPUT 

DISABLE 


Figure  39.  Data  Reforniatter  Module 


d.  Digital  to  Analog  Converter  Module 

The  D/A  converter  is  used  with  the  DRM  and  FF/Tl  units.  This  module  accepts  up  to  8 bits 
per  pixel  along  with  a serial  pixel  clock,  composite  sync  and  composite  blanking  to  output  standard 
RS-170  video.  Figure  40  shows  the  schematic  of  the  D/A  converter.  Each  of  the  input  timing  signals 
presents  a factor  of  1 TTL  unit  load.  The  discrete  output  buffer  is  used  as  a summing  amplifier  and  75 
ohm  driver.  There  are  only  15  interface  pins  to  the  module,  and  the  total  power  dissipation  is  about 
400  mW.  This  module  will  be  packaged  in  a Vi  inch  x inch  flat  pack. 

e.  Backplane  Module 

There  will  be  a separate  backplane  module  for  each  of  the  three  units.  Each  module  per- 
forms a similar  function  of  unit  synchronization  and  control,  but  each  backplane  module  contains  cir- 
cuitry unique  to  its  own  particular  unit.  Each  unit  will  utilize  3 backplane  modules  to  accommodate 
the  pinouts  and  power  dissipation. 
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Figure  40.  8- Bit  Digital-To- Analog  Converter 
with  Composite  Video  Output 
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UNIT  FABRICATION  USING  COMMON  MODULES 

a.  Frame  Rate  Buffer  Common  Module  Design 

The  Frame  Rate  Buffer  may  be  implemented  by  interconnecting  the  previously  defined 
common  modules.  A sample-hold  and  A/D  converter  are  required  to  digitize  the  incoming  video.  A 
serial  to  parallel  module  is  needed  for  each  required  bit  per  pixel.  The  output  of  this  module  is  used  as 
the  input  to  the  frame  store  module  (CCD  memory  module).  This  output  is  connected  to  the  input  of 
the  data  re-formatter  (buffer  RAM)  module  to  obtain  the  8x8  block  output  sequence.  The  data  re-for- 
matter output  is  therefore  the  required  FRB  serial  output  data  bus.  All  of  these  common  modules  are 
synchronized  by  three  backplane  modules.  An  interconnect  diagram  showing  how  these  modules  will 
be  used  is  given  in  Figure  41.  This  diagram  is  shown  for  6 bits  per  pixel. 

The  power  dissipation  of  13  watts  including  the  A/D  and  S/H  can  be  easily  handled  with  a 5 
X 7 inch  multi-layer  circuit  board.  A possible  layout  for  the  miniaturized  Frame  Rate  Buffer  unit  is 
shown  in  Figure  42.  The  multi-layer  board  will  contain  a copper  ground  plane  of  sufficient  thickness 
to  spread  the  heat  over  the  entire  board  area.  The  board  rails  then  conduct  the  heat  to  the  FRB 
enclosure. 

b.  Display  Refresh  Memory  Common  Module  Design 

The  Display  Refresh  Memory  may  be  implemented  using  the  common  modules.  There  will 
be  a serial-to-parallel  converter  and  data  reformatter  (buffer  RAM)  module  required  for  each  bit  per 
pixel  of  resolution.  Since  there  are  two  complete  frames  of  CCD  memory  in  the  DRM,  twice  as  many 
(12  total)  frame  store  modules  as  were  used  in  the  FRB  are  required  in  the  DRM.  The  two  frame 
memories  are  wire-  jred  into  the  D/A  converter  module  to  output  RS-170  video  to  a TV  monitor.  There 
are  four  unique  backplane  modules  to  synchronize  the  individual  function  modules.  Figure  43  shows 
the  interconnect  required  for  a common  module  DRM. 

The  Display  Refresh  Memory  modules  will  dissipate  approximately  16  watts  in  the  con- 
figuration shown.  The  modules  may  be  housed  on  two  5x7  inch  multilayer  circuit  boards  as  dia- 
grammed in  Figure  44.  These  two  boards  have  a copper  ground  plane  to  distribute  the  heat  over  the 
entire  board  surface  area. 

c.  Frame  Freeze/Time  Integration  Common  Module  Design 

The  FF/TI  unit  requires  only  the  serial-to-parallel  converter,  frame  store,  and  D/A  con- 
verter common  modules  for  its  construction.  In  addition  to  the  two  unique  backplane  modules,  this 
unit  also  requires  a unique  adder  module  to  implement  the  exponential  averaging  algorithm.  This 
adder  module  is  located  between  the  input  serial-to-parallel  converter  and  the  CCDs.  Figure  45  shows 
a common  module  interconnect  to  implement  the  Frame  Freeze/Time  Integration  system. 

Based  upon  the  power  measurements  of  the  Display  Refresh  Memory,  the  FF/TI  unit  is 
expected  to  require  about  21  watts.  The  packaging  for  this  system  would  require  two  or  three  5x7 
inch  multilayer  circuit  boards. 

7 TEMPERATURE  DATA 

Prior  to  the  award  of  the  AFAL  Video  Memory  Modules  contract.  Motorola  conducted  exten- 
sive temperature  tests  on  a prototype  0.400  inch  64K  CCD  device  from  TI.  The  tests  consisted  of 
measuring  power  consumption,  bit  errors  as  a function  of  stop  time,  and  bit  errors  as  a function  of 
shift  rate.  A special  test  fixture  was  fabricated  to  simulate  the  timing  for  the  CCD  that  was  later  used 
in  the  AFAL  brassboard  units. 


The  first  part  tested  exceeded  the  upper  operating  temperature  limit  by  15  degrees  C (proper 
operation  to  +85  degrees  C).  Another  test,  attempting  to  determine  if  the  CCD  could  operate  at  speeds 
greater  than  5 MHz.  could  not  be  run  since  the  MOS  clock  driver  performance  degraded  due  to  the 
small  shift  clock  widths.  A second  TI  part  was  subjected  to  an  abbreviated  test,  but  operated  compare 
bly  with  the  first  device.  It  was  concluded  from  these  tests  that  the  AFAL  brassboard  units  would 
have  no  trouble  operating  at  the  contract  design  goal  of  +49  degrees  C (TI  specification  states  a lower 
limit  of  0 degree  C),  and  no  bit  errors  were  detected  even  with  a pause  time  twice  as  great  as  the  TI 
specification  of  1 millisecond. 

One  very  important  operating  peculiarity  was  noted  during  this  preliminary  CCD  testing.  It 
was  observed  under  all  temperature  settings  that  the  CCD  operation  was  somewhat  insensitive  to 
various  power  supply  settings.  Even  though  the  TI  specification  stated  a tolerance  of  ± 10  percent, 
the  actual  voltages  were  varied  ±25  percent  without  producing  bit  errors.  The  sensitivity  of  the  CCD 
device  to  high  frequency  transient  noise  on  the  power  supply  lines  was  most  noticeable,  however.  For 
this  reason  the  power  supply  lines  were  decoupled  on  every  memory  device  for  the  AFAL  brassboard 
units.  This  precaution  was  well  worth  its  effort  since  no  problems  were  encountered  on  either 
brassboard  unit  that  could  possibly  be  attributed  to  power  supply  glitches. 

Upon  completion  of  the  video  memory  system  hardware  testing,  the  Frame  Rate  Buffer  was 
temperature  tested  in  a heat  chamber  to  determine  overall  unit  performance.  An  alternate  dark-light 
vertical  bar  pattern  was  input  to  the  FRB.  The  FRB  output  was  run  out  of  the  chamber  to  the  DRM 
(actual  system  configuration)  so  that  the  pattern  and  subsequent  temperature-induced  errors  could 
be  observed  on  a TV  monitor. 

In  the  exploratory  temperature  sweep,  the  FRB  operated  only  to  +50  degrees  C before  the  out- 
put data  became  invalid  (as  observed  on  the  monitor).  The  unit  exhibited  almost  a step  function  re- 
sponse since  the  output,  being  good  at  one  temperature,  became  totally  unrecognizable  with  an  incre- 
mental temperature  increase.  This  symptom  indicated  that  the  problem  did  not  lie  with  the  CCDs,  but 
rather  with  some  externally  generated  timing  signal.  Further  testing  revealed  extreme  temperature- 
related  delays  from  a CMOS  counter.  This  part  was  replaced  with  a functionally  compatible  low  power 
Schottky  device,  and  the  temperature  test  was  rerun. 
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Figure  42.  Frame  Rate  Buffer  Miniaturized  Package  Concept 


This  second  temperature  test  produced  outstanding  results.  The  FRB  worked  well  to  approx- 
imately -►70  degrees  C when  a few  short  vertical  bars  began  to  appear.  This  effect  Is  attributed  to 
actual  temperature-induced  random  CCD  bit  errors.  The  ambient  temperature  was  then  increased  to 
-►85  degrees  C.  At  this  temperature  more  lines  were  visible  on  the  monitor,  but  the  picture  was  still 
easily  recognizable.  At  low  temperatures,  the  FRB  worked  perfectly  to  about  -25  degrees  C when 
symmetric  dots  began  occurring  on  the  edges  of  the  dark  vertical  bars.  At  -45  degrees  C the  black 
vertical  bars  began  looking  like  punched  paper  tape,  but  video  was  not  completely  lost  until  a few 
degrees  lower.  In  general,  the  FRB  exhibited  no  bit  errors  over  the  temperature  range  -25  degrees  C 
to  -►TO  degrees  C.  Appendix  C summarizes  the  temperature  tests  performed  with  the  Frame  Rate 
Buffer  and  includes  some  sketches  to  aid  in  visualizing  the  actual  error  effects  observed  on  the  moni- 
tor. 

8 PROBLEMS  AND  RECOMMENDATIONS 
a.  CCD  Parts  Delivery 

Texas  Instruments  is  having  its  own  problems  with  the  64K  CCD  device.  Motorola  received 
0.400  inch  prototype  parts  in  July,  1977  for  engineering  evaluation  with  the  standard  0.300  inch  pro- 
duction parts  to  follow  in  November,  1977.  The  first  production  parts  were  not  delivered  until  Janu- 
ary and  February,  1978  and  then  only  % of  the  order  was  filled.  The  AFAL  brassboard  testing  illumi- 
nated some  device  sensitivities,  and  TI  slipped  all  parts  deliveries  to  May  because  of  “timing  diffi- 
culties.” In  June,  TI  stated  there  was  a high  speed-high  temperature  operating  problem  with  the 
0.300  inch  production  parts,  and  delivery  of  the  full  temperature  devices  was  postponed  until  Septem- 
ber, 1978. 

Because  of  the  delivery  problems  with  the  TI  part.  Motorola  also  investigated  using  a 
Fairchild  64K  device,  part  number  CCD464.  The  specifications  for  this  part  are  given  in  Appendix  D. 
Since  two  more  shift  clocks  are  required  for  this  device’s  operation,  more  control  circuitry  is  needed. 
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Also.  Fairchild  dot-a  not  allow  the  “addres.s  multiplexinK"  naule  that  is  available  with  the  TI  part  This 
operatinK  mode  greatly  reduces  the  overall  frame  store  memory  hardware  implementation,  so  the 
Fairchild  part,  while  reportedly  meetinK  spc>ed  and  tem}H^rature  parameters,  was  not  considered  an 
expedient  substitution  without  major  redesiKn  of  lx)th  brasshoard  units. 

b.  ecu  Clock  Timing 

After  Motorola  received  the  first  0.300  inch  prinluction  mcHlel  04K  tX'l)  devices,  extensive 
troubleshixitiiiK  was  performed  usinjf  these  parts  in  the  Frame  Rate  Buffer  unit.  I'pon  testing  thesi- 
parts  with  timinK  signals  Kenerated  from  external  pulse  generators.  Motorola  found  that  the 
preliminary  Tl  Specification  had  underrated  some  of  the  minimum  phasing  times  A check  with  Tl 
engineers  verified  this  ns  a problem,  and  TI  subsequently  changed  their  published  s|H-cification  fol 
lowing  their  own  extensive  testinK 

The.se  critical  timiiiK  signals  (</>  i,  c/)‘2  and  CKl  are  translated  to  MOS  levels  throuK’h  a clm-k 
driver.  Tl  revealed  that  the  driver  they  u.sed  in  testing  was  a Tl  7,5303.1  dual  driver.  The  AFAL 
brasslxmrds  were  designed  with  a quad  driver.  Tl  part  No  75307.1,  to  minimize  the  number  of  devices 
in  the  fabricated  units.  Kach  of  the.se  parts  have  comparable  specs,  but  Tl  engineers  u.sed  their  driver 
to  power  a maximum  of  only  3 CCI)  devices.  Since  the  Motorola  desiK’n  required  each  of  the  75307.I.S  to 
drive  4 CCD  parts  tthe  upjH'r  limit  of  these  part's  capability',  special  attention  was  K'lven  to  the  MOS 
level  timiiiK  pul.se  waveforms  Due  tc  the  heavy  drive  requirements,  the.se  tiriinK  pulses  were  seen  to 
have  relatively  slow  transition  ed^es  and.  consequently,  degraded  waveform  reproduction  Kven 
thouKh  the  waveforms  resulted  in  proper  CCD  ojH'ration.  Motorola  recommends  a new  MOS  clock 
driver,  part  No.  76.3ti3NF.  in  future  desi^Mis  Kven  though  this  dual  driver  device  requires  more  parts 
jH'i  frame  store  memory,  the  extended  drive  capability  is  exiH'cted  to  exhibit  In'tter  waveform  re 
production.  Tl  al.so  recommends  this  new  driver  for  Ct'D  M(^S  clock  interfacing 

The  CCD  data  rate  u.sed  in  the  Frame  Kate  Buffer  unit  is  the  maximum  5 Mbps  This  mini 
Ix'r  IS  derived  from  a pixel  clock  rate  .synchronous  with  the  TV  .syiu'  generator,  part  No.  MM4320D. 
With  this  part,  there  are  52J<  pixel  times  of  actual  iinblanked  video  of  which  Motorola  u.ses  512  in  each 
horizontal  line.  If  a pha.se  locked  clin-k  of  slightly  lower  frequency  were  ^reneraled  so  that  512  pixel 
samples  could  1h'  taken  from  the  same  unblanked  line  seKinent  now  containing  528  pixels,  the  CCD 
data  rate  could  b*'  lowered  to  4.88  Mbps.  Kven  though  this  oix>ration  would  require  more  parts  for  the 
additional  clock  and  I’l.l,,  extra  time  could  Im>  acquired  to  add  a safety  mar^;in  to  the  critical  timing 
siKnals  of  the  CCD  devices.  This  ob.servation  is  noted  primarily  as  a sii^'ffest  ion  for  (xissible  system  im 
provement  to  extend  the  o^H•ratin^'  tenqM>rature  of  the  unit  This  analysis  is  prefaced  by  the  fact  that 
Tl  has  not  K'H'ninteed  the  full  tenqx'rature  maximum  sfH'ed  operation  of  the  CCDs  that  have  thus  far 
iH’en  delivered  to  Motorola. 

e.  Synehroni/iition  Delay 

The  Frame  Kate  Buffer  brasslxiard  unit  and  the  Display  Refresh  Memory  brasshoard  unit 
each  have  an  internal  oscillator  lor  clock  generation  and  synchronization  The  only  sync  signal  com 
mon  to  Ixith  units  is  the  Frame  Sync  pulse  fjenerated  by  the  FKB  to  re.set  the  DRM  for  the  Ix’ninninj; 
of  a new  transmitted  video  frame.  This  pul.se  actually  resets  the  TV  monitor  sync  K»‘nerator  device 
inside  the  DKM  .so  f hat  output  data  Ix'^ins  to  Ix'  displayed  at  the  up(x>r  left  hand  corner  of  the  monitor 
sweep  The  two  oscillators  are  not  phase  lix-ked,  .so  they  ojx'rate  at  slightly  different  frequencies.  At 
the  7'<i  FPS  rate,  or  a frame  sync  pulse  sent  every  four  real  time  TV  frames,  the  two  oscillators  do  not 
dritt  very  far  apart  from  each  other.  At  t he  T - FPS  rate,  however,  a frame  sync  is  sent  only  once  every 
18  real  time  TV  frames  In  this  instance,  the  two  20. 18  Mil/,  oscillators  do  drift  slightly  apart  in  fre 
quenev  At  this  reduced  frame  rate,  a slight  horizontal  line  rippling  effect  can  Ix'  noticed  on  the  dis- 
play monitor  it.  and  only  if.  a stationary  picture  is  viewed  under  hi^h  intensity  and  contrast  level  set 
linifs.  The  effect  is  not  noticeable  under  normal  viewing  conditions  and  must  1h>  .scrutinized  under  the 
above  .settings  The  solution  to  this  minor  problem  is  to  construct  a pha.se  locked  loop  around  the  DKM 
sync  K'l'oerator  device  This,  or  course,  adds  complexity  to  the  circuitry,  so  is  not  recommended  by 
Motorola  since  the  symptoms  are  not  severe  enough  to  be  noticed  in  actual  oix'ration 
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Figure  43,  Display  Refresh  Memory 
Hybrid  Interconnect 
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d.  Program  Follow-on  Recommendations 


The  brassboard  frame  rate  reduction  system  built  for  the  Air  Force  under  this  developmen- 
tal contract  has  performed  well  under  all  test  conditions.  Motorola  recommends  a follow-on  program 
in  which  the  discrete  function  modules  developed  in  this  effort  would  be  hybridized.  A miniature 
frame  rate  reduction  system  for  RPVs  could  then  be  constructed  as  the  basis  for  an  advanced  A/J  tac- 
tical video  data  link.  The  Video  Memory  Modules  program  has  verified  that  present  technology  may 
be  utilized  to  build  a low-cost  video  memory  unit  for  imaging  system  applications. 
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APPENDIX  A 

Texas  Instruments  TMS-3064JL  64K  CDD  Specification 


■ MOS 

■ LSI 

TIMS  3064  JL 
65,536-BIT  CCD  MEMORY 

NOVEMBER  IfTT 

65,536  X 1 Orgmization 

16RIN  CERAMIC 

1 

(16  AddraiMbla  4096-Bit  Loops) 

DUAL-IN-LINE  PACKAGE 

1 • 

Parformance: 

LATENCY  READ  Ofl  READ. 

A L 

(MAX) 

870 


CYCLE 
(MIN) 
200  ns 


WRITE  CYCLE 
(MIN) 

300  ns 


Full  TTL  Compatibility  (No  Pull-up 
Rasitton  Raquirod)  on  All  Inputs 
Exoapt  02,  and  Chip  Enabla 
Low  Powar  Dissipation: 

280  mW  Oparating  (Typical  ^ 5 MHz) 

25  mW  Racirculating  (Typical  0 1 MHz) 
<1  mW  Standby  (Typical) 

Two-Phasa  CCD  Clocks 
N-Channal  Silicon-Gate  Technology 
16-Ptn,  300-Mil  Dual-in-Lina  Package 


• ''00 


description 

The  TMS  3064  i$  a high-speed  dynamic  65.536*bit  CCD  (charge-coupled  device)  block -addressable  serial  memory.  It  is 
organised  as  65.536  one-bit  words,  in  sixteen  addressable  blocks  of  4096  bits  each.  N chanr>et  silicon-gate  techrwiogy 
with  two  levels  of  potysilicon  is  employed  to  optimize  the  speed/power/density  trade-off  The  TMS  3064  can  operate  at 
any  frequency  from  1 MHz  to  5 MHz.  This  frequency  range  allows  the  system  designer  to  match  the  memory  speed  to 
that  of  the  rest  of  the  system. 

All  inputs  except  the  two  clocks  and  chip  enable  are  fully  TTL-compatible  and  require  r>o  pull-up  resistors.  The  low 
input  capacitance  of  all  the  TTL  inputs  eliminates  the  need  for  specialized  drivers  on  these  inputs.  When  driven  by 
Series  74  devices,  the  guaranteed  dc  input  noise  immunity  is  200  mV.  The  TTL-compatible  output  buffer  is  guaranteed 
to  drive  at  least  two  Series  74  TTL  gates.  The  TMS  3064  uses  only  two  CCO  clocks  to  simplify  system  design.  The 
tow-capacitarwe  chip-enable  input  requires  a positive  voltage  swir>g  (12  volts),  v^kh  can  be  driven  by  a variety  of 
widely  available  drivers. 

The  typical  power  dissipation  of  the  TMS  3064  is  280  mW  active  at  the  maximum  frequerKy  and  <1  mW  standby.  To 
retain  data  only  25  mW  (typical)  is  required,  which  irKludes  the  power  consumed  to  refresh  the  content  of  the 
memory. 

The  TMS  3064  is  offered  in  a 16-pin  ceramic  (JL  suffix)  dual-in-line  package.  The  TMS  3064  is  guaranteed  for 
operation  from  O^C  to  70°C  stilLair  ambient. 
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opdration 

Chip  Select  (^) 

The  chip-select  termir>al,  which  can  be  driven  from  standard  TTL  circuits  without  an  external  pult-up  resistor,  affects 
the  input  and  output  circuits.  The  data  input  and  data  output  terminals  are  enabled  when  chip  select  is  low.  If  the  chip 
if  to  be  selected  for  a given  cycle,  the  chip-select  input  must  be  low  on  or  before  the  rising  edge  of  the  chip  enable.  If 
the  chip  is  not  to  be  selected  for  a given  cycle,  chip-select  input  must  be  held  hi^  when  chip  enable  goes  hk0i.  A latch 
for  the  chip-select  input  has  been  provided  on  the  chip  to  reduce  overhead  and  simplify  system  design. 


TINTATIVI  DATA  iNIffT 

Texas  Instruments  tu 

IMCOnnORATKD 

POST  Q^iee  eex  wit  • etiLM.  twas  vtaat 

69 


i 

I 


j 


w 


TMS  3084  JL 
8S.536-BIT  CCD  MEMORY 


opMtion  (oontinuMd) 

Chip  ErwbM  (CE) 

An  MOS  level  (12  V swing)  input  is  required  All  reed,  write,  end  reed-modify-write  operetions  teke  piece  when  the 
chip-eneble  input  it  high.  When  the  chip  eneble  is  low.  the  memory  is  in  e low  power  recirculete/sundby  mode  end  no 
reed/write  operetions  cen  teke  piece. 

Reed/Wnte  Select  (R/W) 

The  reed  or  write  operetion  is  selected  through  the  reed/write  (R/W)  input.  A logic  high  on  R/W  input  selects  the  reed 
nnode  end  e logic  low  selects  the  write  mode  The  dete  input  is  disebled  when  the  reed  mode  is  selected.  The  R/W 
terminel  cen  be  driven  by  stenderd  TTL  circuits  without  a pull-up  resistor. 

Address  (AO  - A3) 

All  addresses  must  be  steble  on  or  before  the  nsmg  edge  of  the  chip  enable  pulse  All  the  address  inputs  can  be  driven 
from  standard  TTL  circuits  without  any  pull-up  resistor  Address  latches  are  provided  on  the  chip  in  order  to  reduce 
overhead  end  simplify  system  design. 

Date  In  (Dl) 

Date  is  written  in  during  a write  or  read-modify  write  cycle  while  the  chip  enable  input  is  high.  The  data-in  terminal 
cen  be  driven  from  standard  TTL  circuits  without  a pull  up  resistor.  An  on  chip  latch  is  provided  at  the  data-in 
terminal. 

Date  Out  (DO) 

The  three-state  output  buffer  provides  direct  TTL  compatibifity  with  a fan-out  of  at  (east  two  Senes  74  TTL  gates  plus 
1(X)  pF  stray  capacitance  The  TMS  3064  utilizes  a latched  data  output  to  provide  adequate  time  for  data  output  to  be 
valid,  even  at  the  minimum  cycle  time  of  200  ns.  If  the  chip  is  not  selected,  then  the  output  will  go  into  a 
high-impederKe  state  with  the  rising  edge  of  07  or  chip  enable,  whichever  occurs  first.  During  a valid  data  cycle,  chip 
enable  first  causes  the  output  to  go  to  a high  impedarsce  and  then,  a data  delay  time  later,  the  output  goes  to  a low 
impedance  (logic  one  or  zero).  The  data  then  remains  latched  until  the  next  cyde 

Phaae  One  (^1)  Clock.  Phase  Two  (^2)  Clock 

pi  and  07  are  two-phase,  non  overlapping  clocks  for  driving  the  CCD  SPS  registers  The  other  five  clocks  required  for 
operating  these  registers  are  generated  on  the  chip  to  simplify  system  design  With  each  01/02  clock  cycle,  data  are 
shifted  forward  by  one  bit  position  in  each  of  the  16  registers,  and  one  bit  in  each  register  is  refreshed  by  a regenerator 
01  and  02  are  high-level  (12  V)  clocks.  NOTE:  01  AND  02  MUST  NOT  BE  HIGH  SIMULTANEOUSLY. 

Minimum  Clock  Fraquancy  (RafraMi) 

The  CCD  is  a dynamic  storage  device  and  thus  the  stored  data  must  be  refreshed  periodically  to  remain  valid.  In  the 
TMS  3064,  the  maximum  period  for  this  refresh  cycle  is  approximately  four  milliseconds  This  corresponds  to  a 
minimum  continuous  clock  frequency  of  1 MHz. 

Pause  Tima 

Pause  time  is  the  maximum  time  that  01  and  02  clocks  may  be  held  low  without  loss  of  data.  In  the  simplest  case, 
pause  time  may  be  as  long  as  0.5  ms  when  preceded  ar>d  followed  by  a minimum  of  4096  clock  cycles  at  a 5 MHz  clock 
rate.  If  clocks  are  held  low  for  a period  longer  than  0.5  ms.  a flush  operation  must  be  performed  before  writing  data 
into  the  n^mory. 

Flush  Operation 

A flush  operation  consists  of  clocking  01  and  07  for  a minimum  of  ten  refresh  cycles  of  4096  clock  cycles  each.  A 
flush  operation  is  required  when  the  memory  is  first  powered  up,  and  after  each  period  of  clock  inactivity  exceeding 
0.5  ms. 
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TMS  3014  JL 
I5,53e-BIT  CCD  MEMORY 


functional  block  diagram 


VOO 

V»  -*■ 

VM  


rtounc  1 - FUMCTIONAL  CLOCK  OIAOMAM 


Th«  TMS  3064  it  (ntemallv  oraanixtd  as  16  addr«t>«b4«  4 Kb  loops  Each  loop  consists  of  a 4096  bit  sariat-parallel  serial 
ISPS)  CCD  shift  rtgistar  for  data  storage,  a regenerator  for  refreshing  the  data,  and  an  I/O  interface  circuit  for  data 
transfer  to  and  from  the  loop  (see  Figure  2).  A 17th  SPS  register  (non  addressable)  is  used  in  conjurKtion  with  a 
refererKe  voltage  ger>crBtor  circuit  to  generate  a reference  voltage  compensated  for  leakage  current  that  is  used  by  the 
reganeraton  at  each  loop 

Althoui^  a total  of  seven  different  clocks  are  required  to  operate  the  SPS  registers,  only  two  simple,  non-overlapping 
clocks  must  be  supplied  by  the  user;  the  other  five  are  gerwrated  on  the  chip.  These  clocks  recirculate  ar>d  refresh  the 
data  storage  in  the  loops.  Within  each  loop,  data  is  accessed  serially  by  pulsing  the  CCD  docks.  #1  and  $Z  until  the 
desired  bit  is  shifted  to  the  output  of  the  selected  SPS  register.  At  the  register  output,  the  data  is  refreshed  by  a 
regenerator  and.  in  a read  cycle  or  a recirculate  cycle,  is  returned  to  the  input  of  the  register  again.  Data  at  the  output 
of  any  regenerator  it  read  by  setting  the  appropriate  address,  setting  ^ low  artd  R/^  high,  then  pulstr>g  CE  high.  Data 

output  Will  be  valid  one  data  delay  time  following  the  rise  of  CE.  For  writing  data  into  a particular  loop,  the  address  ( 

and  data  inputs  are  set.  CS  and  R/W  are  set  low.  then  CE  is  pulsed  high  A given  bit  may  be  read  andthen  modified  in  | 

the  same  clock  cycle  by  performing  a raad-modify-write  (RMW)  operation  This  consists  of  first  performing  a read  ^ 

operation  as  described  above,  then  while  CE  is  still  hi^.  setting  data  input  and  pulsing  R/W  low.  The  RMW  cycle  may  j 

be  used  to  interchange  the  contents  of  two  TMS  3064's  by  connecting  the  data  output  of  one  to  the  data  input  of  the  | 

other,  and  vice- versa. 
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TMS  30S4  JL 
•5.531-BIT  CCD  MEMORY 


FIGURE  2 ~ SERIAL-PARALLEL-SERIAL  (SP$)  CCD  LOOP 


Mrial-panllRl-Mrial  (SPS)  CCD  loop 

Each  addressable  block  in  the  TMS  3064  contains  4096  bits  of  storage,  organized  as  a senal  parallel-serial  (SPS)  shift 
register  Data  is  shifted  into  the  SPS  register  along  a 32  bit  input  serial  register,  is  demultiplexed  into  32  parallel  127  bit 
shift  registers,  and  finally  multiplexed  into  a 32  bit  output  serial  register  which  shifts  the  data  to  a regenerator.  The 
regenerator  detects  the  small  charge  quantities  being  transferred  and  converts  these  charge  levels  to  voltage  levels  which 
•re  compared  with  a reference  voltage  (V^gp).  The  output  of  the  regenerator  is  a 0 V to  12  V digital  signal  which, 
durir>g  a read  or  recirculate  cycle,  drives  the  input  gate  of  the  CCD  to  refresh  the  stored  data.  Data  transfer  to  and  from 
the  loop  Is  controlled  by  an  I/O  interface  circuit. 
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TMS  3064  JL 
I5.B30-BIT  CCD  MEMORY 


■faMhit*  miximum  ratingi  ovar  oparating  fraa-air  tamparatura  ranga 
(imlatt  othanMita  notad) 

Sopp»v  vott»g«,  Vcc  («••  Non  1 ) _0,3  to  20  V 

Supply  volugt.  Vdd  Nott  II  _<j.3  to  20  V 

Supply  volugi,  Vgs  (IM  Non  1 1 -0.3  to  20  V 

All  input  volugn  (iM  Non  I)  -0.3  to  20  V 

Output  volugt  (operating  with  rttpact  to  Vgs)  —2  to  7 V 

Oparating  fraa-air  tamparatura  ranga  0®C  to  70**C 

Storage  tamparatura  ranga -55*0  to  1 50°C 

NOT€  1.  Unoar  aaioluta  maalmum  lailnat.  voluaa  valuaa  ara  wlin  raapaei  le  tna  moat  nagatlva  lupplv  voltaaa.  V(g  (aubatratal.  onlaaa 
Throughout  th«  r»maln<Mr  of  thit  dot*  velto0i  vtIuM  mf  with  rotpoet  to  V^. 

recommended  operating  conditions 


RAeAMgTEe 

Supply  yoJtdgt.  VcC  

Stipply  voltegt,  VpD 

SMPpty  yolfgg.  Vss 

8upp<y  volttpg,  Vb0 

HigMowol  input  voifQt,  (all  input»  tucipt  chip  tnobtd  tnd  ctockt) 
chip  tnabi*  input  voittpg,  V|h(CE) 

Ht9h>l«wol  dock  input  voltapt.  V|H(p1,  p2) 

LewMomI  input  vom9».  V|l  (dl  inputs  wpt  chip  gncbl*  tnd  clocks) 
LowHtud  chiptniblc  input  votfpt,  V|l(CE) 

LowHfxtl  dork  input  voltogg,  V|L(^t.#2)  •••  2) 

Vcrioblo  dock  frequency,  (wt  Nof  3)  T a • to  66*C 

Fiiiod  dock  frequency,  f^  (lee  Note  3)  ■ O^C  to  70^C 

Opyetinq  free^ir  tempereture.  Ta 


NOTES  3.  intoreiock  feedtftrouih  tr»ngNr>tt  outside  this  renee  are  permitted  at  the  pi.  d3  inpufg.  provided  the  llmtn  spoclfiod  Irt  Figure  g 
are  r>ot  aiceeded. 

3 Fixed  clock  llmita  apply  w^en  clock  frequerKy  la  rtever  chartged  otherwise  variable  frequency  applies. 


MIN 

NOM 

MAX 

4.5 

5 

5.5 

11.4 

12 

12.6 

I 

-4.5 

-5 

-5.5 

2.2 

5.6 

Vod-'-7 

Voo  ‘>  7 

Vqd 

Vdo*' 

-0.6 

0.6 

-0.6 

0.6 

-0.6 

0.6 

1 5 

1 5 

1 0 

Z?_L 

Texas  Instruments 

INCOMPONATCP 

eooT  eeetee  poa  eeia  • pahaq.  roKee  seae* 


73 


TMS  SOM  JL 

IS.530  BIT  CCD  MEMORY 


•toctrical  charactcristici  ovar  full  ranga  of^raoommandad  oparating  oonditiona,  Ta  * 0°C  to  70°  C 
(unlau  otharwita  notad) 


RAAAMETER 


Vqh  output  voluot 


Vql  Low-I«v«I  output  volt«9t 


Hfohonpocionco  ttot*  (off  ttoto) 

•oz 

Output  currtnt 


Input  cufr»nt  (oil  input!  txcopt 

II 

chip  onobio  sod  clocks) 


'l(CE)  Ch<p-tn«bf«  input  curront 


I|(a)|  Clock  on«  input  cufftnt 


M|#2)  Clock  two  input  currtnt 


•CC  Supply  currtnt  from  V^C 


1 00  trtntitnt  tupply  currtnt  from  Vqq 


00  Supply  currtnt  from  Voo  ^*0^ 


Supply  currtnt  from  Vnn  with 

1 DO 

CE  low  (sttndby) 


AvtrtQt  supply  currtnt  from  Vqd 
'OO(tv)  rtcirculatt  cydt 


Avtroet  supply  currtnt  from  VqO 

'DD(»l 


AvtrtQt  supply  currtnt  from  voQ 
lOO(tv)  durirtg  mitt  cydt 


AvtrtQt  supply  currtnt  from  Vqo 

iDDlaw) 

during  rttd  rnodify-mitt  cycit 


iRBitv)  Avtrtgt  supply  currtnt  from  VgB 


IgB  trtntitnt  supply  currtnt  from  Vgg 


0 

t All  typktl  vtiuts  tr#  tt  * 2S  C. 


TEST  CONDITtONB 


MIN  TVa*  MAX 


Vq  • 0 to  5.5  V 


V|  ■ Oto  5.5  V 


V|  -Oto  13.2  V 


V|  -Oto  13.2  V.V|(P2)  -OV 


V|  - Oto  13.2  V.  - OV 


Iq-O. 

f MAX  • $ MHt 


f MIN  - 1 MHi 


f MAX  • 6 MHi 


fMIN"  1 MHi 

f MAX  • 6 MH< 


fMIN-  1 MHi 


f MAX  - 3.3  MHi 


Rteireuittt:  f MAX  - 6 MHi 


RtKf  or  writt:  f MAX  - 6 MHi 
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30 

40 
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TMS  3014  JL 
•5,53i-BIT  CCO  MEMORY 


rmd  cycl«  ttminQ  requirements  (see  figure  4) 


RARAMETEe 

<c(rdl 

RMd  d«u  cycM  lim* 

AddrtM  Mtilp  timt 

Chtp-«*l«ct  wtup  tim« 

*fu(rd) 

Rod  Mtgp  tim« 

th(ad) 

Addrcu  hold  tim« 

th(CS) 

Chip-wl«ct  hold  tim* 

deta  output  twitching  charecterittics 


PAAAMfTSII 


TEST  CONDITIONS 
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PARAMETER 

Clock  cycie  tim«,  r«circulatt 


twitching  characteristics  for  (p2  disabling  output  (see  figure  8) 


PARAMETER 

*^PXZ  Output  ditabl«  lime  to  end  of  data  valid 


applies  tJurtng  acttva  cycle  it  rif  of  precedes  f>f  of  C£ 


TEST  CONDITIONS 
*See  Figure  10 


FIGURE  a - p2  DISABLING  OUTPUT  DURING  RECIRCULATE  CYCLE 
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tqutvlut  input/output  circuits 


FHASC  TWO  CLOCK 
INTUT  l«2) 
riNNO.  11 
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Figure  2-1.  Test  pattern  seen  on  monitor  at 
25°C.  The  dark  bars  represent  gray  not  black. 


Figure  2-2.  CCD  at  approximately  78°C. 
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PI* 


Figure  2-3.  CCD  at  approximately  81°C. 


Figure  2-4.  CCD  at  approximately  87°C. 
Different  gray  levels  are  not  distinguished 
although  present. 
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APPENDIX  D 

Fairchild  CX^D464  64K  (X^D  Specification 


OCTOBEM  1*77  ■ 


65,536  X 1 DYNAMIC  SERIAL  MEMORY 

FAIRCHILD  CHARGE  COUPLED  DEVICE 


OENERAL  DESCRIPTION  - Tht  F404  ii  • 66.636  bit  clynonic  Mild  mcmocy  con 
liguitd  M 16  itndomly  tccatiibl*  diitl  l•9ilt•r>,  Mcb  4096  bill  long  E«cb  ot  tiMM  ihift 
rtgituit  it  datigncd  utiliiing  Chwgi  CoupM  Dcvic*  (CCO)  tacbniqum  witb  Itw  intwtMMl 
Stiid  Pwallvl  Swid  ISPS)  f•gi•t•l  itructui*  wAiioh  Niiuim  both  low  powai  and  high 
dtntity  chMKttiiitiGi.  Tlw  high  dtntity  ol  th«  F464  it  furthai  anhanoMl  thiough  th*  in* 
of  an  alactioda  pai  bit  mamory  call  approach.  Tha  high  dantity  paimiti  packaging  tha 
mamory  in  a itandaid  16-pin  (0.3"  wida)  dual  in  lina  package  which  allowi  tha  con 
Itruction  of  highly  danta  mamoiy  lyttami  uting  widely  availabla  automated  tatting  and 
inMition  equipment 


LOGIC  SYMBOL 


Fuitharmora.  thit  buried  channel  CCO  mamory  it  fabricated  uting  Fairchild'i  double-poly 
n-channal  Itoplanar  procati.  Thit  prooau  allowt  tha  F464  to  be  a hitpt  performance, 
itate  of  the  art  mamoiy  ciicuit  edtich  it  manufacturabla  in  large  volume 


INDUSTRY  STANDARD  16  PIN  (0.3"  WIDE)  DUAL  IN  LINE  PACKAGE 
OPERATING  FREQUENCY  RANGE;  1 MHi  TO  6 MHa. 

16  m HALT  TIME  AT  2.0  MHi 

LOW  CAPACITANCE  TTL  COMPATIBLE  INPUTS  (EXCEPT  CLOCKS). 
ESTATE,  TTL-COMPATIBLE,  LATCHED  DATA  OUTPUT. 

OUTPUT  DRIVE  CAPABILITY;  X6  mA 
LOW  CAPACITANCE  12  V CLOCKS; 

d^ANOdj:  lOOpFITYPi 

dTlANOPT2=  SOpPITYPI 
LOW  POWER 

NORMAL  OPERATION;  <336  mW  (MAXI  • 

STANDBY;  <66  mW  (MAX)  • 

STANDARD  POWER  SUPPLIES  (>12  V.  V,  AND  -6  VI 


CONNECTION  DIAGRAM 
DIP  (TOP  VIEW) 


66^  X 1 OYNAMtC  SERIAL  MEftMMY  FAIRCHILD  CHARGE  COURLED  DEVICE 


FAIRCHILD  65.S36  XI  DYNAMIC  SERIAL  MEMORY  • F464 


PIN  NAMES 


♦l-  ^2 

Serial  Clocks 

D|N 

Data  Input 

•t|*T2 

Transfer  Oock\ 

OOUT 

Data  Output 

/kddrest  Inputs 

vec 

+5  V Power  Supply 

cs 

Chip  Select  Input 

Vss 

0 V Power  Supply,  GNO 

Write  Enable  Input  (Active  LOW) 

Vee 

-5  V Power  Supply 

Vdd 

>12  V Power  Supply 

FUNCTIONAL  DESCRIPTION 

ORGANIZATION  - Tha  F464  it  « 65.636  x 1 Imi  dynimic  larial  memory  orginiied  internelly  at  16 
dynamic  ihitl  ragittert  (or  Wocktl  ol  4096  bits  each  in  lartgiti.  Thata  16  thift  register  Mocks  are 
ratKlomly  accauiMa  through  four  internally  decoded  Address  inputs  (Ag  - A3).  When  a given 
register  it  selected,  its  input  and  output  are  internally  connected  (as  needed)  to  the  Ogg  and  OQyy 
pint,  respectively,  thus  permitting  simultaneous  read  and  write  operations. 

ARCHITECTURE  - Each  of  the  tixtaan  thift  register  Mocks  it  implementad  using  a Serial-Parallel' 
Serial  (SPS)  register  architecture.  In  this  approach  N data  bits  are  sartuentially  shifted  into  a ‘‘serial" 
input  register  When  full,  the  entire  N-Mt  word  is  shifted  in  parallel  into  N "parallel"  registers  of  M 
bits  in  length,  as  illustrated  in  Figure  t.  At  the  other  end  of  this  paretlel  register  structure,  bits  are 
loaded  in  parallel  into  an  N-bit  serial  output  register.  Bits  in  this  register  are  then  shifted  out  toward 
the  sense  amplifier  at  the  output  and  are  automatically  recirculatad  back  to  the  input  serial  register 
unless  a WRITE  operation  is  specified. 

The  primary  advantages  of  this  type  of  architecture  include  very  high  density,  low  power,  and  low 
dock  capacitance.  These  features  all  result  from  the  fact  that  in  the  SPS  architecture  the  parallel 
registers  which  errcompass  most  of  the  total  storage  capacity  within  each  Mock  are  shifted  at  a 
cortsideraMy  slower  rate  Ong/N)  than  the  clock  rate  of  the  input  or  rxitput  serial  registers  (f  |fg). 

In  actuality,  each  4096-bit  M<Kk  of  the  F464  is  implemented  using  an  "inteiiaoed"  SPS  structure  in 
which  each  bit  of  the  input  serial  register  services  two  parallel  registers  rather  than  just  one.  The  same 
is  true  for  the  output  serial  register.  In  addition,  "electrode-par-Mt"  design  techniques  are  used  to 
reduce  the  effective  cell  size  by  minimizing  the  number  of  electrodes  used  to  store  each  Mt  ol 
information.  These  techniques  obviously  ershance  the  memcHy  density  consideraMy.  The  dimensions 
of  the  F464‘s  interlaced  SPS  structure  are  32'Mt  input  and  output  serial  registers  and  64  parallel 
registers,  eech  63  Mts  in  lersgth.  See  Figure  2.  These  dimensions  were  chosen  in  order  to  optimize  the 
power Alensity /latency  tradeoffs  inherent  in  the  CCD  memory  approach. 

CLOCKS  - The  F464  requires  four  MOS  level  clocks:  two  high  frequency  (1  to  5 MHz)  serial  docks 
arrd  two  low  fraquetKy  transfer  docks.  The  serial  drxks,  6)  and  ^2-  contrM  the  movement  of  data 
within  the  input  and  output  serial  registers  of  each  40B6-bit  Mock  arsd  have  a frequency  equal  to  the 
data  rate.  The  transfer  dock  Aft  ■>  used  to  transfer  data  from  the  input  serial  register  to  the  parallel 
registers  while  the  transfer  dock  At2  '* transfer  data  from  the  parallel  registers  to  the  output 
serial  register  of  each  Mock.  The  rlata  present  in  the  parallel  registers  is  shifted  by  internally  generated 
ripple  dcKks.  This  ripple  dock  technique  allows  a high  Mt-packirrg  density  approaching  one  electrode 
per  Mt. 

To  achieve  proper  transfer  phasing,  the  two  transfer  cIrKks  are  asymatrical  about  a 32cycle  interval 
(31.6  and  32.5  cycles)  but  symmetrical  about  a 64-cydc  interval.  The  phasing  between  these  transfer 
dtKks  alternates  in  order  to  achieve  correct  Mt  storage  in  each  Mock.  IMren  Ay ^ occurs  during 
time.  dy2  oeeurs  during  dg  cycles  prior  to  dyi-  VVhan  dri  occurs  (luring  d2  I'hte.  dT2 

occurs  during  dt  time  2.5  cydes  prior  to  dyt-  Figure  3 illustrates  the  dock  phase  relationships. 

The  docking  operation  may  be  momentarily  haltad  for  as  long  as  IS  ps  ortce  each  interval  of  64  or 
more  clock  cycles  provided  that  the  cl(x:k  frettuency  is  at  least  2.0  MHz  or  higher.  During  this  "halt 
time"  it  it  recommended  that  all  dock  signals  be  in  the  LOW  state  in  order  to  limit  power  dissipation. 
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CONTROLS 

in  addition  to  ttia  foui  Addrni  input!  (Ag  through  A3),  other  TTL  level  control  iignals  available  on 
the  F404  iitcludc  Write  Enable  (WE)  and  Chip  Select  ICS)  The  CS  input,  along  with  the  addre» 
inlormation,  it  presented  during  HIGH  time  end  dynamically  latched  with  the  trailing  edge  o<  pf 
which  timultaneoutly  disable!  both  the  address  and  CS  butters.  This  action  prevents  changes  that 
occur  on  the  external  pirn  trom  entering  the  internal  circuitry  when  pf  it  LOW.  The  WE  control 
signal  determines  whether  new  data  trom  the  0||i^  pin,  or  recirculated  output  data,  it  presented  to  the 
input  ol  the  addressed  block.  The  non  addressed  Mocks  are  automatically  recirculated. 

MOOES  OF  OTE  RATION 
STANDBY  (RacirculaSeainlY  cycle) 

In  Starsdby  mode  (CS  LOW),  the  contents  oi  all  16  Mocks  are  recirculated  automatically,  and  the 
device  disregards  the  WE.  Address,  and  O1114  inputs  The  output  latch  goes  into  the  hi|gs  impedance 
state  after  the  trailing  edge  of  the  Pj  clock  Minimum  power  dittipetion  results  when  the  device  is 
operated  in  the  recirculate  mode  with  minimum  p^  and  P2  pulse  widths  at  the  lowest  allowed  frequency 

READ  RECIRCULATE  MODE 

In  this  mode  of  operation  (WE  HIGH  and  CS  HIGH)  the  data  from  the  selected  Mock  it  presented  to 
the  output  buffer  immediately  following  the  leading  edge  of  P2  and  appears  at  the  output,  OQuy. 
after  a delay  equal  so  the  access  time  Thus,  the  access  time  is  referenced  from  the  leading  edge 

of  the  P2  pulse  and  it  independent  of  the  duration  of  p}.  The  output  data  it  latched  and  remains  valid 
at  the  Oot;^  pm  until  the  end  of  the  P^  dock  pulse  in  the  next  cycle  The  data  present  in  all  16 
Mocks  automatically  recirculates  from  the  output  back  to  the  input  regardless  of  the  address  inputs, 
provided  that  WE  remains  inactive  throughout  the  cycle 

READ  AND  WRITE  MODE 

In  the  Read  and  Write  mode  (WE  LOW  arsd  CS  HIGH),  the  output  data  from  the  selected  Mock  it 
availaMe  at  the  output  pm  as  m the  read  recirculate  mode,  however,  the  recirculate  path  of  that 
particular  Mock  is  disaMed.  Input  data  present  at  the  0||g  pm  during  P2  it  written  into  the  selected 
Mock  by  the  falling  edge  of  Pj,  while  the  other  IS  Mocks  automatically  recirculate  their  contents. 
This  form  of  an  "earty-write"  cycle  (WE  LOW  prior  to  the  falling  edge  of  p^ ) requires  that  both  WE 
and  0||g  have  set  up  times  with  respect  to  the  trailing  edge  of  p^.  In  fact,  tor  successive  write 
operations  handled  in  this  mode.  WE  may  be  held  LOW  continuously  without  returning  it  to  the 
HIGH  state  between  cycles.  A "delayed-write"  cycle  (WE  goes  LOW  after  the  trailing  edge  of  the  Pj 
dock  pulse)  it  also  pouiMe  arsd  is  discussed  m the  next  paragraph  at  a subset  ol  the  RMW  operating 
mode 

READ  MOOIFY-WRITE  MODE 

The  Read  Modify  Write  mode  (CS  HIGH.  WE  HIGH  goes  LOW)  is  simplified  by  the  fact  that  the 
F464  is  always  in  the  read  mode  whenever  it  is  selected  (CS  HIGH).  Since  the  access  time  is 
referenced  to  the  leading  edge  ol  P2  and  the  setup  times  of  WE  and  D||g  are  referenced  to  the  trailing 
edge  of  P2.  this  mode  of  operation  reduiret  an  extended  P2  HIGH  time  in  order  to  provide  the 
required  modify  time.  This  "stretched"  P2  HIGH  time  may  be  determined  by  the  following 
relationship; 

*P2H  * 'ACC  ♦ 'MOD  ♦ 'DS  'WCL  * 'T 

The  modify  time,  t|y|QQ.  it  determined  by  the  user  and  is  dependent  on  the  delays  ol  the  external 
logic  used  to  modify  the  output  data.  The  Read  Modify-Wnta  (RMW)  cycle  time  then,  it  given  by: 


'CYC  ■ *PIH  ♦ *UL1  ♦ *P2H  ♦ 'UL2  ♦ <'TC 
where  t02H  '*  '•’*  "stretched"  version  of  the  P2  clock  pulse. 

If  ISO  modification  of  output  data  it  required,  then  this  operating  mode  reduces  to  a "delayed  write" 
mode  in  which  D||g  and  WE  may  rxcur  after  the  p^  clock  pulse. 
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M6MORV START Ur 

Wh«n  th«  f 464  it  miiialty  powwitd  up,  m«  Vgg  supply  (i.i..  th«  -5  volt  supply)  should  b«  ipphtd  to 
th«  mvmoty  b«tOf«  snd  f•mov•d  «1ttf  th«  othvr  supplies  This  eciion  results  in  greeter  protection 
egeinsi  eccidentel  violetion  ot  the  voltage  limits  sswcitied  m the  Absolute  Mesimum  Ratings  section 
and.  in  general,  enharsces  the  loisg  term  reliabiUtv  ot  the  memory 

In  order  to  dear  the  memory  of  evtraneous  charge  following  power-up  or  after  a clock  stoppage  of 
greater  than  15  ps.  the  F464  must  be  clocked  through  a minimum  of  20,000  clock  cycles  of  any  type 
before  a valid  memory  cycle  should  be  attempted. 


ABSOLUTE  MAXIMUM  RATINGS 

Voltage  of  any  pin  relative  to  Vgg  (^§3  - Vgg  > 4.5  V| 
Operating  Temperature  (AmbientI 
Storage  Temperature  (Ambient) 

Power  Dissipation 


-0.6  V to  +20  V 
O'C  to  55‘C 
-66°Clo  I60°C 
I IN 


StrMBM  unO«p  "Ab«oluE«  ABrift9B"  cSvm  dBmag*  to  ttto  dov^ 

TNm  m 6 B»r<6»  To«tn«  onty  and  ^unct^onol  oporgtton  o*  tho  dowko  at  or  ony  otHot  condition!  aOcvo  thoc* 

HMUcotoO  in  tfv«  oporaiionol  Boctioni  ot  tfii«  ipocifkation  it  not  Mnptiod  C»pOBur«  to  oOtoluto  mosimum  rottno 
conditiont  tpr  •ilortdod  poriodt  moy  affoct  dyvico  roliobiitty. 


DC  REQUIREMENTS:  T^  - 0*C  to  55*C  (See  Note  I) 


SYMBOL 


PARAMETER 


Supply  Voltage 


Supfsiy  Voltage 


SupsXy  Voltage 


Supply  Voltage 


Input  HIGH  Clock  Voltage 


Input  LOW  Oock  Voltage 


Voltage  Differential  Between  Any  Two  Clock  LOWS 


Input  HIGH  Voltage,  all  inputs  except  clocks 


Input  LOW  Voltage,  all  inputs  except  clocks 


UNITS  NOTES 
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DC  CLCCTRiCAt  CHARACTERISTICS  Ov«r  Full  Range  of  Voltage  and  Temperature  fSae  Note  1) 


SYMBOL 

PAHAMETEB 

MIN 

TYP 

MAX 

UNITS 

NOTES 

'OD 

Av«i«ge  Vqq  Cu»»«n« 

Active 

n 

'min 

5 

8 

mA 

3,  10 

'max 

15 

25 

mA 

Standby 

^mm 

3 

5 

mA 

'max 

12 

IB 

mA 

'cc 

Avcr«gc  Vq(;  Cufritilt 

Active 

'min 

15 

2 5 

1 

mA 

3.  10 

'max 

25 

4 

mA 

Standby 

'min 

0 3 

0 5 

mA 

'max 

1.2 

2 

mA 

'bb 

A««t«g»  Vg0  Cufrtnl 

100 

mA 

4 

Yqh 

Output  HIGH  Voltage 

2.B 

V 

5 

VOL 

Output  LOW  Volt«gr 

04 

V 

6 

'in 

Input  Lt«k4qe  Curicnt  (*nv  inputi 

-10 

10 

*^A 

7 

'out 

Output  Leakage  Current 

-10 

10 

UA 

8 

C|N1 

Input  Capccittnc*.  P)  «nd  pj 

100 

pF 

9 

C|N2 

Input  Capacitance,  pjy  and  Pj2 

30 

pF 

9 

C|N3 

Input  Capacitance.  Aq  - Aj,  CS.  WE.  and  D|(ig 

5 

pF 

9 

COUT 

Output  Capacitance,  Dqjjt 

7 

pF 

9 

RECOMMENDED  CLOCKING  CONDITIONS;  Over  Full  Range  of  Voltage  and  Temperature  fSee  Note  tt) 


IEEE 

SYMBOL 

I 

SYMBOL 

1 ■'  ' - I 

PARAMETER 

1 

F464  2 

F464  3 

F464  4 

1 

UNITS  ' 

NOTES 

MIN 

MAX 

MIN 

MAX 

QQ 

MAX 

TE1HE1L 

«P1H 

Pf  HIGH  Pulse  Width 

200 

60 

200 

{Qj 

200 

n$ 

10 

TE2HE2L 

*P2H 

pj  HIGH  Pulse  Width 

m 

300 

60 

300 

itBI 

300 

1 

ns 

10 

TE1LE2M 

mam 

Pj  to  P2  Underlap  Time 

0 

1 

45 

H 

lEl 

gi 

“ “ “i 
ns 

TE2LE1H 

*UL2 

P2  to  Pt  Underlap  Time 

0 

i 

45 

0 

B 

n$ 

TTHEL 

*ovt 

pj]  and  IP]  or  P2)  Overlap  Time 

0 

30 

m 

ns 

TEHTL 

»OV2 

PX2  •'’<1  'Pi  Of  P2'  Overlap  Time 

El 

30 

m 

ns 

TEHTH 

'T10 

Ipf  Of  Pj)  to  Pjt  Delay  Time 

0 

0 

ns 

TTLEH 

•tis 

Pf)  to  IP)  or  P2I  Setup  Time 

0 

0 

■1 

ns 

TELTH 

*T20 

(p)  Of  P2I  to  Pt2  Delay  Time 

0 

0 

0 

ns 

TTLEL 

PT2  'o  (Pi  or  P2)  Setup  Time 

5 

5 

5 

ns 

TELTL 

Prt  Hold  Time 

30 

ns 

- 

‘T 

Transition  Time  (Except  Clocks! 

3 

50 

3 

50 

g 

50 

ns 

11 

- 

'TC 

Clock  Transition  Time  (Rite  and  Fall) 

o 

50 

10 

50 

m 

50 

ns 

11.12 

- 

1 

Operating  Frequency 

SI 

m 

1.0 

UM 

IQ 

QQ 

MHt 

12 

- 

'HALT 

Halt  Time  9 2 MHi 

□ 

15 

1 

Lii_ 

15 

M* 

17 

6 
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RECOMMENDED  AC  OPERATING  CONDITIONS:  Ovtr  Full  Range  of  Voltage  and  Temperature 


IEEE 

SYMBOL 

SYMBOL 

PARAMETER 

F464  2 

F4M  3 

F464  4 

UNITS 

NOTES 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

TAVEH 

'AS 

Address  Setup  Time 

5 

5 

5 

ns 

TELAX 

'ah 

Address  Hold  Time 

5 

5 

5 

ns 

TSVEH 

'CSS 

Chip  Select  Setup  Time 

5 

5 

5 

ns 

TELSX 

'eSH 

Chip  Select  Hold  Ttme 

5 

5 

5 

ns 

TWHEL 

'RCS 

Read-Recirculate  Command  Setup  Time 

5 

5 

5 

ns 

13 

TELWX 

'RCH 

Read  Recirculate  Command  Hold  Time 

25 

25 

25 

ns 

13 

TWLEL 

'wes 

Write  Command  Setup  Time 

0 

0 

0 

ns 

TELWX 

'WCH 

Write  Command  Hold  Time 

25 

25 

25 

ns 

TWLEL 

'WCL 

Write  Command  Lead  Time  (RMW  Only) 

60 

60 

60 

ns 

TDVWl 

'os 

Input  Data  Setup  Time 

0 

0 

0 

ns 

14 

TELDX 

'DH 

Input  Data  Hold  Time 

25 

25 

25 

ns 

TELQZ 

'OFF 

Output  Buffer  Turn  Off  Delay 

0 

50 

0 

50 

0 

50 

ns 

15 

TEHQV 

'ACC 

Output  Data  Access  Time 

50 

60 

70 

ns 

16 

NOTES 

1.  AM  volt*9M  ar*  m«Mur«d  with  ratpact  to 

2.  Tho  dttforontial  volt«9*  batiAfoan  • LOiM  for  ony  clock  input  and  a LOW  for  any  othar  clock  Irtput  #tould  not 
aacaad  0.8  V. 

3.  Currant  (avail  at  both  minimum  and  maalmum  fraquanclaa  ara  tpaciflad  for  minimum  and  ^2  clock  pulaa 
widtht.  Saa  Flpura  4. 

4.  Maaaurad  at  maalmum  fraquancy  and  V0g  > >-6.6  V. 

6.  Maaaurad  with  Iq^j  * —2.6  mA. 

6.  Maaaurad  with  Iq^j  * 3-6  mA. 

7.  Input  laakapa  eurrmnt  It  maaaurad  with  • ^OO  clock  irtpuf*  and  V|f^  * ^CC  othar  irtputa. 

8.  Laakapa  currant  at  tha  Dq^j  pin  la  maaaurad  for  both  Vqu^  aqua!  to  ^qq  *hd  Vgg  whan  tha  output  buffer  It 
In  tha  high  impadanca  atata. 

0.  Effactiva  capacitance  It  calculated  from  tha  aquation  C * I At/^V  with  AV  •12  V for  clock  inputa  and  with 
Av  • 3 V for  TTL  pint  while  tha  device  la  active.  Maaaurad  paramatara  ara  currant  and  time. 

10.  Manimum  clock  pulaa  widtha  ara  tpaciflad  tn  order  to  limit  power  diaalpatlon.  Saa  Figure  4 ahowing  tha 
ralationahip  between  power  and  clock  pulaa  width. 

1 1 . Raf aranca  lavala  uaad  for  timing  maaauramanta  ara  ''iMC  (min)  and  Vj.  q (maH)  for  clock  Inputa  and  Vf  ^ (min) 
and  V|^  (max)  for  all  othar  inputa.  Tranaition  timaa  for  both  riaa  and  wl  are  maaaurad  between  thaaa  lafaranca 
point!. 

12.  Minimum  and  maximum  frequency  valuaa  aaauma  clock  tranaition  timaa  pf  10  na 

13.  Tha  Read  Recirculate  command  It  performed  by  kaapirtg  WC  in  the  Inactive  atata  (l.a.  HIGH)  for  tha  praacribad 
aat  up  and  hold  timaa. 

14.  tQg  rafarartcaa  0|fg  to  tha  trailirtg  edge  of  4^  In  a Raad-(aarly)  Write  cycle.  However.  In  a Read  Modify  Write 
(l.a.  delayed  write)  cycle,  t^g  rafarancaa  0||ig  to  tha  rtagativa  going  edge  of  WC. 

16.  Iqpp  (max)  dafinaa  tha  time  at  which  tha  output  achlavaa  tha  open  circuit  condition  arvd  la  not  rafarancad  to 
output  voltage  lavala. 

10.  Maaaufad  with  a load  equivalent  to  two  TTL  load!  and  100  pF . Saa  Ftg  6 

1 7.  Tha  clocking  operation  maybe  momentarily  halted  for  at  ior>g  at  1 6 pa  once  each  Interval  of  04  or  more  clock 
cyclaa  provided  that  tha  clock  fraquartcy  it  at  laaat  2.0  MHi  or  higher.  During  thia  "Kelt  tinrta"  it  laracommandad 
that  all  clock  algnala  be  In  tha  LOW  atata  In  order  to  limit  power  ditaipation. 
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OOMt  CAMt  COMOiriON 
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CLOCK  GENERATION  CIRCUIT  - 

Th*  rircuil  ihiiwn  Iwlow  m«y  tw  u««t  to  lh»  lour  MOi>  l«v»l  riorki  tvquitMl  ol  thn  1404 

leom  * lindU  clock  In  thn  riicuil.  th#  nt#it»r  clock  ll•qu•nrv  I.  mutt  li#  twu»  th#  (k»ii#(l 

dal#  rat#  at  lha  F464  ouliHil  pm  Smca  lha  mpul  clock  liattuancy  u "tguaiad  up"  yyith  adiyida  by 
two  Hip  ll(H>.  lha  duty  cycla  ol  thii  clock  it  non  ciitical  A pulia  adga  at  tha  inttut  ul  tha  iHillatad 
dalay  lina  pioducai  a laquanca  ol  dalayail  iHilta  atluat  liom  lha  A.  R.  C.  0 and  E output  tapi  That# 
ilalayatl  iHilia  adgat  aia  ANIIad  tugalhai  In  pioduca  lha  laquiiait  i|i)  and  pj  clocki  at  wall  at  tha  i,‘>t ) 
anil  ifijj  tiantfai  cluckt  Sinca  lha  iianilai  clockt  occui  in  a tyniinati ical  laihinn  avaiy  64  clock 
cyclai,  a 6 bit,  mmlulo  64  counlai  it  latiuiiail  Tha  iHilpiili  ol  Ihit  6 bit  counlai  aia  dacitdad  to  an 
abla  lha  attpropiiaia  tianilai  clock  gaiat  at  countt  ul  70.  31 . 61  and  63  Thiii,  i^i  ^ ii  paiiad  along  to 
tha  clock  diivaii  only  during  cyclat  3t  aiul  63.  whila  ik^  j it  gaiad  Ihiough  only  dining  cyclai  29  and 
61  That#  lour  coiinti  ara  aaiily  dacmtail  with  only  a 2 to  4 dacodar  and  on#  4 in|tut  NANO  gala  Tha 
6 hilt  ol  lha  modulo  64  counlai  cnm|Miia  tha  6 low  oidai  bill  ol  lha  12bil.  modulo  4096  loop 
counlai  Thn  counlai  it  latiuiiad  to  dalina  addiaii  localioni  within  aach  4K  block  and  will,  In  moti 
caiat,  Iw  aliaady  piaiant  in  tha  tyilam 

On#  maioi  advaniaga  ol  utmg  a dalay  lina  it  that  tinea  lha  clock  puliai  aia  ganaiatad  horn  dalayail 
adgat.  lha  pulta  width  in  all  catat  it  lixail  and  doat  not  vaiy  at  a lunclion  ol  lha  iniHil  matiai  lia 
quancy  I Thut  minimum  pulta  widiht  aia  alwayi  ganaialail  lagaidlau  ol  cycla  and  data  lalat  Thit 
tiantlatat  diiactly  into  lowai  (towai  dittiitalion  tinea  Ip^  it  a lunclion  ol  clock  pulta  width 

Tha  maaimum  clock  lalat  loi  which  ihit  ciicuil  will  oiwiala  pioiHiily  daitandt  on  lha  clock  liantilion 
limat  (both  iiia  aiHl  lall)  at  lha  outiHit  ol  lha  TTI.  lo  MOS  diivait  and,  tha  dalay  balwaan  ad|ioant 
lapt  on  lha  dalay  lina.  Tha  maaimum  ilata  lalat  imttibla  loi  Ihitciicuil  aia  givan  in  lha  labia.  Fattai 
and/oi  moia  alliciani  clock  ganaiation  ciicuilt  may  li#  laah/ad  by  uting  dillaiani  ty|iat  ol  dalay  boat 
(a  g moia  lapt  oi  unaqual  lap  dalayt) 
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ORDERING  INFORMATION 


PART 

NUMBER 

OPERATING 
FREQUENCY  RANGE 

TEMPERATURE 

RANGE 

PACKAGE 
($•«  B«low) 

F46420C 

1.0  to  5.0  MH/ 

. 

0“ to  55°C 

CERAMIC 

F46430C 

1.0  to  4 0 MHi 

0”  to  65°C 

CERAMIC 

F46440C 

10  to  2 0 MH/ 

0°  to  55°C 

CERAMIC 

PACKAGE  OU1LINE 

16  ^In  S^Br«««6  Ctmit  DIP 


NOTfS 

Dim«nti0na  in  incn**  (hold)  (n  OMOnthOM* 

Hoodof  hody  it  hl»rh  coramtc 
I Id  It  •ONI  pl«fOf1  tovof 

09  It  common  to  tuhttrato 
^•rha^a  a harmoitc 
^aihata  orotfht  it  I 1 tvamt 


* t'liniMi  ( •nr'oi  »n«  u«a  nl  •'•v  cirt  tirffy  >ip«<  ><nail  « .*<  ihN*  n « l •••cNiM  pfMtiM  I Nt'  otn#*  ctrctMl  imiant  tKantai  impnart 

«nit»>  >>»*  ••!  in*  u S P**»nu  vi'Nita  WMiar  iKiat^a  iii'.Hio  <Mno>  naianu  p»nrt>nQ 

tOK 

^U.S.anv«rnm«nt  Prin(m«  Offic*:  1976-657  002/639 


